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ABSTRACT 
 
METALATED NITRILES: LIGAND EXCHANGE AND COPPER-CATALYZED 
REACTIONS 
 
 
 
By 
Dinesh Nath 
May 2013 
 
Dissertation supervised by Professor Fraser F. Fleming 
This thesis describes new methods of carbon-carbon bond formation using 
metalated nitriles generated via metal exchange reactions. Sulfinylnitriles undergo a 
sulfinyl-metal exchange to yield lithiated, magnesiated and zincated nitriles, which can 
trap a range of electrophiles. The sulfinyl-metal exchange is effective with vinylic, 
quaternary and tertiary substitution patterns and addresses the long-standing problem of 
alkylating secondary nitriles. This method was then further extended to other oxidation 
states of sulfur, namely sulfonyl-metal exchange and relatively unknown sulfide-metal 
exchange. The sulfide metal exchange overcomes the problem related to the propensity of 
highly substituted sulfinylnitriles to eliminate. Sulfide-metal exchange is synthetically 
attractive because of the numerous methods for generating arylsulfides and the high 
tolerance of arylsulfides to numerous reagents.  
 v 
 A copper-catalyzed arylation reaction of aryl iodides and metalated nitriles was 
developed using catalytic Cu (I) and an amine ligand. A proof of principle has been 
established, providing a sound basis for developing the reaction. A new strategy has been 
developed for alkylation of alkenenitrile using LDA as base in presence of catalytic 
CuCN. Subsequent trapping with an electrophile, affords alkylated alkenenitriles in 
which the olefin is no longer in conjugation with the nitrile.  
 The distinct structural differences between N- & C-metalated nitriles have been 
harnessed in a series of chemoselective alkylations. Lithiated nitriles are found to be 
particularly reactive toward alkyl halides whereas magnesiated nitriles react selectively 
with oxygenated electrophiles. Using this strategy allows chemoselective alkylation of 
metalated nitriles.  
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CHAPTER 1  
PROLOGUE 
1.1 Introduction 
 Naturally occurring nitriles comprise a small and surprisingly diverse set of 
secondary metabolites having numerous biological activities.
1
 Nitriles occur naturally in 
a diverse set of plant and animal sources. Over 120 naturally occurring nitriles have been 
isolated from terrestrial and marine sources. The structures vary from simple, 
alkanenitriles (e.g. Figure 1.1, 1 & 2) to architecturally complex structures such as 
calyculin J (3), with new, more complex metabolites being continually reported.  
 
Figure 1.1 Representative nitrile containing natural products 
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 Over 30 nitrile-containing pharmaceuticals are marketed for a variety of 
medicinal indications with more than 20 additional nitrile-containing leads in clinical 
development.
2
 The nitrile group is quite robust and, in most cases, is not readily 
metabolized but passes through the body unchanged. The types of pharmaceuticals 
containing the nitrile moiety is diverse, from the H1-receptor antagonist levocabastine (4), 
and the osteoporosis candidate odanacatib (5) to Anastrazole (6) which is the gold 
standard in treating breast cancer
3
 (Figure 1.2). In many instances the nitrile mimics 
functionality present in enzyme substrates, whereas in other cases the nitrile increases 
water solubility or decreases susceptibility to oxidative metabolism in the liver.  
 
Figure 1.2 Representative nitrile containing pharmaceuticals 
 The medicinal relevance of bioactive nitriles creates a need for synthetic methods 
capable of assembling these carbon scaffolds. C-C bond forming reactions are 
fundamental in synthetic organic chemistry and are often executed by alkylation of 
 3 
stabilized carbanions.
4
 Numerous stabilized carbanions provide reactive intermediates for 
C-C bond construction, among which nitrile-stabilized anions occupy a unique position. 
Nitrile carbanions and metalated nitriles are powerful nucleophiles, ideally suited for 
installing hindered quaternary centers.
5
 Metataled nitriles benefit from having exceptional 
nucleophilicity, which correlates with a relatively high pKa for the conjugated acid (~29–31 
in DMSO).
6
 In addition, the van der Waals radius of the cyano moiety is small, resulting in an 
A-value of approximately 0.2 kcal/mol.7 The powerful electron-withdrawing effect of the 
nitrile allows a high charge density on the nucleophilic carbon.
8
 Solution and X-ray 
analyses identify four main metalated nitrile structures, which span a continuum of 
geometries at the nucleophilic carbon: planar N-metalated ketenimine 7a, partially 
pyramidal N-metalated nitrile 7b, tetrahedral C-metalated nitrile 7c and carbanion 7d. 
Selectively accessing these different nucleophilic nitriles, through judicious choice of 
solvent, cation and temperature, allows control over regio- and stereoselectivity (Figure 
1.3).  
 
Figure 1.3 Continuum of Metalated Nitriles Geometries 
 4 
 
 X-ray analyses
9
 consistently show metalated nitriles as having partial double bond 
character for the C-CN bond and only a slight weakening of the C=N triple bond (1.15-
1.20 Å). As a point of comparison, the C≡N bond length of neutral nitriles is 1.14 Å!
10
 
Another characteristic feature of metalated nitriles is the persistent coordination of 
amide
11
 or amine ligands
12
 in crystallographic and solution structures. 
 
Figure 1.4. A Continuum of Metalated Nitriles Crystal Structures.  
 
 Despite extensive use in academic,4,5 and industrial applications,13 there remain 
several challenges in alkylating nitriles. The use of strong, highly nucleophilic bases for 
deprotonating alkanenitriles
14
 establishes firm functional group boundaries and precludes 
incorporation of more acidic sites within the carbon scaffold. Several ingenious catalysts 
and reagent systems have been designed which address the deprotonation, and alkylation, 
 5 
of acetonitrile
15 
(Scheme 1, 12 → 13) and activated alkanenitriles16 (13 → 14, R1 = aryl 
or vinyl), with mild base or base-catalyst combinations. The challenge is a functional 
group tolerant alkylation of unactivated secondary and tertiary alkylnitriles. (Scheme 1)   
 
Scheme 1. Traditional iterative strategy for nitrile alkylation 
 
 An equally significant, and yet largely unrecognized problem, is the selective 
monoalkylation of primary alkanenitriles (Scheme 1, 13 → 14). Although strong bases 
completely deprotonate alkanenitriles 13, the subsequent alkylation is typically slower 
than proton transfer between the tertiary alkylated nitrile 14 and the metalated nitrile 
precursor. Rapid proton transfer results in significant double alkylation (13 → 15, R2=R3) 
and recovery of unalkylated nitrile 13.
17
 Selectively alkylating primary alkanenitriles 13 
with a modest excess of an electrophile to generate secondary alkanenitriles 14 is a 
challenge. One approach to this problem is to deprotonate acetonitrile with BuLi at           
-78 
o
C, followed by either adding alkylating agent rapidly to the solution of 
lithioacetonitrile or through the slow addition of lithioacetonitrile 17 to the alkylating 
agent at 0 
o
C. The methods work with moderate efficiency as illustrated in the synthesis 
of 18 from 16.
18
  
 6 
 
Scheme 2 Alkylation of Lithioacetonitrile 
 
 A synthetic disadvantage of using lithium amide bases to deprotonate 
alkanenitriles lies in only accessing N-lithiated nitriles and significant differences in 
regio-, stereo- and chemoselectivity of C-metalated or N-metalated nitriles remain 
unutilized. α-Halonitriles 19, react with alkyl lithium, organomagnesium, and lithium 
dimethylcuprate to generate reactive, N-lithiated, C-magnesiated, and even C-cuprated 
nitriles (Scheme 3, 21 and 20) respectively. The rapid halogen-metal exchange with alkyl 
lithium and Grignard reagents allows selective exchange in the presence of reactive 
carbonyl electrophiles, including aldehydes, providing a high-yielding alkylation protocol 
(19 → 15).  
 
 
Scheme 3. Halogen-metal exchange strategy for nitrile alkylation 
 
 An early example of the regioselectivity differences of N- and C-metalated nitriles 
is the alkylation with propargyl bromide. N-Lithiated nitriles react with propargyl 
bromide by an SN2 displacement whereas C-cuprated nitriles react by an SN2' 
displacement (Scheme 4).
19
 Deprotonating cyclohexanecarbonitrile 14a by LDA gives 
 7 
the N-lithiated nitrile 21a which reacts with propargyl bromide to give alkynenitrile 15a. 
Converting cyclohexanecarbonitrile to α-bromonitrile 19a, allows a halogen-copper 
exchange to form the C-cuprated nitrile 20a. The reaction of 20a with propargyl bromide 
furnishes the allenenitrile 15b. 
 
Scheme 4 Regeodivergent alkylation of N- and C-metalated nitriles 
 
 The synthetic challenge is to access an α-halonitrile equivalent that avoids the  
aggressive reagents (PBr3, Br2) required for the synthesis of these compounds. Accessing 
a more easily installed functionality would expand the chemistry by allowing greater 
functional group tolerance for this methodology.  
1.2 Objective 
 A major challenge for organic chemistry in the 21
st
 century is the rapid assembly 
of complex molecular scaffolds through environmentally benign bond constructions. The 
Presidential Green Chemistry Challenge Awards
20
 recognize the need for new 
technologies to reduce waste, improve efficiency, and avoid pollution. Responding to this 
 8 
challenge requires new synthetic methods that maintain the diversity of bond forming 
reactions while employing milder reagents. Sulfinyl-metal exchange addresses these 
issues by providing a route to generate organometallics that avoids prior formation of 
metal amide bases and uses very mild bases in alkylation. 
 The aim of this work is to establish a new selective monoalkylation, di-alkylation 
or tri-alkylation of alkanenitriles. The ideal exchange group should be compatible with a 
broad range of functionalities readily installed and commercially available. α-Sulfinyl 
and sulfonyl moieties will be explored for two reasons: α-sulfinyl and α-sulfonyl 
substitution lower the pKa of an alkanenitrile by ~14-16 units thus allowing the use of 
mild bases like K2CO3 (Figure 1.5, 22 and 23). Second the chirality of sulfinyl and 
sulfonyl groups have been extensively developed which allows access to a variety of 
substrate. Ultimately a new carbon-metal bond can be generated by a sulfinyl- or 
sulfonyl-metal exchange reaction.  
 
Figure 1.5 Activated Nitriles as Green Anion Equivalents 
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 The sulfinyl-metal exchange strategy engages phenylsulfinylactonitrile as 
lynchpins in K2CO3 promoted alkylations (Scheme 5, 22 → 24). A subsequent exchange 
of the activating group in 24 for a metal generates the metalated nitrile. The overall 
sequence 22 → 15 is equivalent to three sequential alkylations of acetonitrile but avoids 
the use of strong bases, allows significant functional group compatibility, and 
stereoselectivies not readily accessed through conventional deprotonation chemistry. 
 
Scheme 5 Ligand-exchange alkylation strategy 
 
1.3 Organization 
 This dissertation describes new, efficient strategies for nitrile alkylation via sulfur 
based exchange reactions. The strategy allows direct access to N- and C-metalated nitriles 
and, in some instances represents a greener approach to multiply alkylated nitriles. The 
strategy is general, tolerates a variety of functional groups and avoids the use of 
expensive reagents. 
 Chapter 2 provides a literature review of the sulfur-metal exchange reaction. The 
chapter summarizes the sulfur-metal exchange reaction generating functionalized 
organometallics and chiral organometallics.  
 10 
 Chapter 3 describes the development of a sulfinyl-metal exchange-alkylation with 
sulfinylnitriles. The method generates C- or N-metalated nitriles selectively and has an 
excellent functional group tolerance. The strategy solves the long-standing problem of 
monoalkylating secondary alkanenitriles. Sulfinyl-metal exchange at sp
2
-hybridized 
sulfinylalkenenitrile is also described. 
 Chapter 4 describes the largely unexplored sulfide-metal exchange. The approach 
overcomes the problem related to the propensity of highly substituted sulfinylnitriles to 
eliminate. Sulfide-metal exchange is synthetically attractive because of the numerous 
methods for generating arylsulfides and the high tolerance of arylsulfides to numerous 
reagents. 
 Chapter 5 describes preliminary work demonstrating the viability of a sulfonyl-
metal exchange of sulfonylnitriles. 
 Chapter 6 describes the copper catalyzed alkylation of alkenenitriles and 
preliminary work on a copper-catalyzed α-arylation. The methodology is significant as 
the alkylation of alkenenitriles often suffers from competitive polymerization. Prior 
methods for the α-arylation of alkanenitriles require palladium catalysts and are 
technically challenging to perform.  
 Finally, in Chapter 7, the fundamental reactivity profile of C- and N-metalated 
nitriles is explored in a series of chemoselective alkylations. 
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CHAPTER 2  
BACKGROUND: SULFUR-METAL EXCHANGE 
2.1 Introduction 
 Sulfinyl-metal exchange provides a powerful entry to a range of functionalized 
organometallics. The exchange can be performed with a variety of alkylmetal species 
providing access to organolithiums, organomagnesiums and organozincates. Sulfinyl-
metal exchange is extremely facile and functional group tolerant and can be used for the 
generation of chiral organometallics. In addition, the inherent chirality of sulfoxides 
provides an opportunity for asymmetric synthesis. Sulfinyl-containing intermediates and 
their precursors are finding increasing use in organic synthesis because these functional 
groups satisfy the requirements of sophisticated multistep transformations owing to their 
prompt accessibility, high reactivity, ability to effect asymmetric induction and readily 
removal at a particular stage of the synthesis.21 Sulfoxide-metal exchange22 is an intrinsic 
component of many displacement-based sulfoxide syntheses.23 The Sulfinyl-magnesium 
exchange reaction was discovered by Gilman and co-workers,24 and allows the 
preparation of a broad range of sulfoxides, chiral or otherwise.  
 The focus of the review is on sulfinyl-metal exchange giving an organometallic, 
typically an organolithium or Grignard reagent, capable of further alkylation. Sulfoxides 
have been used as a chiral auxiliary,25 following exchange reactions for generation of 
chiral carbenoid26 and as a precursor for functionalized organometallic compounds.27  
Sulfinyl-metal exchange reaction leads to the generation of different types of 
organometallics depending upon the site of metalation (lithiation/magnsiation) namely, 
 12 
alkyl organometallic (metal at sp
3
 carbon), aryl and vinylic organometallic (metal at sp
2
 
carbon) or acetylenic organometallic (metal at sp carbon).  This review is structured on 
the basis of hybridization of the atom serving as the site of metalation. 
2.2 Early Work 
 In 1926, the alkoxide displacement of alkyl and aryl sulfinic esters with Grignard 
reagents was reported.
28
 Ethyl p-toluenesulfinate (1) reacts with benzyl magnesium 
chloride to furnish benzyl p-tolyl sulfoxide (2) (Scheme 1, Eq. 1). Later the preparation 
of diastereomerically pure sulfinate esters of menthol opened a new chapter in sulfoxide 
chemistry by providing a predictable entry to enantiopure chiral sulfoxides (Scheme 1, 
Eq. 2).
29
 The reaction of organometallic reagents with diastereomerically pure sulfinates 
allowed the preparation of the chiral sulfoxides with predictable stereo-inversion at the 
sulfur atom    (Scheme 1, 4 → 5). The sulfoxide displacement strategy has been used to 
prepare numerous chiral sulfoxides including chiral ferrocene derivatives.
30
 
 
Scheme 1. Early work on Sulfoxide-Magnesium Exchange. 
 
 13 
2.2.1 Mechanistic Studies 
 Detailed mechanistic studies on the sulfinyl-exchange have identified the key 
steps involved in the sulfoxide ligand exchange and the competitive ligand coupling 
process (Scheme 2).
31
 Organolithiums have a tendency to deprotonate sulfoxides 
containing acidic protons.32 A series of labeling experiments has demonstrated that the 
nucleophilic attack on the sulfoxide occurs through a backside attack on the S-O bond. 
With Grignard reagents initial nucleophilic attack on the sulfur atom of a sulfoxide 5 
forms the hypervalent σ-sulfurane 7 (Scheme 2). More than one mechanism may operate 
with organolithiums.33 The σ-sulfurane can resume a normal valency by one of three 
different pathways; ligand extrusion 7 → 5 + 6, ligand exchange 7 → 8 + 9, and ligand 
coupling 7 → 10 + 11 (Scheme 2).34 
 14 
 
Scheme 2. Fate of σ-sulfurane: Ligand coupling vs Ligand exchange 
 
 The σ-sulfurane 7 contains a penta-coordinated sulfur with four ligands and a lone 
pair, having a trigonal bipyramidal structure. The nature and position of the substituents 
then dictates whether displacement or ligand coupling occurs. For ligand coupling, one of 
the coupling groups needs to occupy an equatorial position while the other must occupy 
an axial position. In these hypervalent sulfuranes, benzyl or allyl groups preferentially 
occupy an axial position whereas electron-deficient heterocycles (e.g., pyridyl group) 
prefer an equatorial orientation.
35
  
 The fate of the σ-sulfurane depends primarily on the electronic nature of the R1, 
R
2
 and particularly R
3
 groups. In general, electron-deficient π-heterocycles prefer ligand 
coupling whereas alkyl groups favor ligand exchange reactions. 2-Pyridylsulfoxides 
 15 
exhibit a high propensity toward ligand coupling. Coupling reactions of the chiral  
pyridylsulfoxide 12 and the diastereomeric pyridylsulfoxides 14 and 16 establish the 
concerted nature of the ligand coupling within the σ-sulfurane (Scheme 3). Adding 
MgMgBr to the chiral sulfoxide 12 triggers coupling to form 13 with near perfect 
stereochemical chirality transfer. An analogous reaction with the alkene diastereomers 14 
and 16 proceeds with complete retention of geometric configuration, 14 → 15 and 16 → 
17 (Scheme 3).
36
 
 
Scheme 3. Ligand coupling: complete retention at benzylic & allylic position. 
 
  The high propensity of 2-pyridylsulfoxides to promote ligand coupling was used 
to determine the relative ability of aryl and alkyl substituents to engage in ligand 
coupling. Adding PhMgBr to the benzyl pyridyl sulfoxide 18a affords 19a with ligand 
transfer of the benzyl group (Table 1, entry 1). Alternatively, the same preference for 
benzyl coupling occurs by adding PhCH2MgCl to the phenyl pyridyl sulfoxide 18b 
(Table 1, entry 2). Adding either MeMgBr or BuLi to benzyl pyridyl sulfoxide 18a 
 16 
results preferentially in benzyl coupling (Table 1, entries 3 and 4 respectively) indicating 
that alkyl groups have a low propensity to couple. The addition of PhMgBr to the allyl 
pyridyl sulfoxide 18d results in allyl coupling rather than phenyl coupling (Table 2.1, 
entry 6). A general trend has been developed based on competitive experiments (Figure 
2.1): 
 
Figure 2.1 Preferential trend for Ligand coupling 
Table 2.1 Ligand coupling reactions 
 
Entry R
1
 R
2
M 19 Yield % 
1 -CH2Ph 18a PhMgBr R = CH2Ph 19a 98 
2 -Ph 18b PhCH2MgCl R = CH2Ph 19a 71 
3 -CH2Ph 18a MeMgBr R = CH2Ph 19a 83 
4 -CH2Ph 18a BuLi R = CH2Ph 19a 46 
5 -CH3 18c PhCH2MgCl R = CH2Ph 19a 79 
6 -CH2CH=CH2 18d PhMgBr R = CH2CH=CH2 19b 61 
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 Competitive addition reactions reveal that the collapse of the σ-sulfurane is fast. 
Incorporating deuterium labels into the pyridine ring and benzylic methylene group of 
18e allows a competition experiment to determine if the sulfoxide substituents are 
displaced as organometallics at a faster rate than ligand coupling (Scheme 4). The 
absence of crossover benzyl pyridine requires the ligand coupling to be distinctly faster 
than ligand exchange (i.e., 18a → 19a and 18e → 19c). Use of the 4-pyridyl sulfoxide 
18f indirectly probes whether internal coordination between the pyridine nitrogen and the 
sulfurane oxygen is important. The facile ligand coupling of 18f to form 19d on addition 
of PhMgBr implies that the preference for coupling is because of the electron deficient 
nature of the pyridine ring and not due to coordination with the 2-pyridyl nitrogen.
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Scheme 4. Competitive ligand coupling. 
 
 A series of couplings at different temperatures was employed to probe whether 
the coupling partner is determined by the substituent position or electronically through a 
fast rate of pseudorotation. The deuterium-labelled benzylic group in sulfoxide 18g 
migrates to an equatorial orientation during the attack on the sulfoxide to form σ-
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sulfurane 21 (Scheme 5). At -68 
o
C, the main product 19a derives from an equatorial-
axial coupling between the 2-pyridyl and incoming benzyl groups. Formation of only 5% 
of labelled 20 must occur by pseudorotation of 21 → 22, interchanging the position of the 
benzyl groups prior to coupling. The ratio 95:5 of 19a:20 suggests that the coupling from 
the sulfurane 21 is faster than a pseudorotation of 21 → 22 that would otherwise 
scramble the labelled and unlabelled benzyl groups. At room temperature more labelled 
20 forms because the rate of pseudorotation increases, positioning the labelled benzyl 
group in the axial orientation required for coupling.
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Scheme 5. Ligand coupling vs temperature 
 
 
 The reaction of 18a with p-MeC6H4CH2MgCl indicates that the coupling and 
pseudorotation rates are quite similar (Scheme 6). At room temperature, the main product 
is 23, consistent with the coupling of incoming nucleophile being faster than 
pseudorotation. At 50 
o
C, the ratio is close to 1:1, indicating a fast pseudorotation that 
scrambles the PhCH2- and p-MeC6H4CH2 substituents prior to coupling. 
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Scheme 6. Ligand coupling vs temperature 
  
 Adding PhMgBr or EtMgBr  to methyl pyridyl sulfoxide 24 affords 2,2'-bipyridyl 
(29, Scheme 7). Mechanistically, the Grignard reagents likely trigger a ligand exchange 
to form 25 and 26 because phenyl and methyl groups have a low propensity for ligand 
coupling. A subsequent attack of 25 onto methyl sulfoxide 24 forms the sulfurane 28. The 
two pyridyl groups rapidly engage in ligand coupling to yield 2,2'-bipyridyl 29. Adding 
benzaldehyde after the Grignard addition, generates the alcohol 27, demonstrating the 
intermediacy of 2-pyridylmagnesium bromide.
39
   
  
Scheme 7. Sequential ligand-exchange and ligand coupling. 
 20 
 Pyridylsulfoxides appear uniquely predisposed toward coupling whereas the 
benzothiazole is more prone to ligand exchange. Adding Grignard reagents to 
benzothiazoles 30a and 30b triggers a sequential ligand exchange followed by dimeric 
ligand coupling (Scheme 8).35 Experimentally the 2-benzothiazolyl sulfoxide 30a 
generates more dimer 31 with BnMgCl and more benzothiazole 32 with MeMgBr.  
 
Scheme 8. Ligand coupling vs Ligand exchange. 
 
 Aryl 2-, 3- and 4-pyridyl sulfoxides undergo ligand exchange reactions with aryl 
Grignard reagents to generate both pyridyl and aryl Grignard reagents (Eq. 3). In these 
cases ligand coupling is diminished because both the aryl group present in the sulfoxide 
and the aryl Grignard reagent are not prone to couple, so ligand exchange predominates. 
Treatment of sulfoxide with ArMgX and aldehyde or ketones, give the corresponding 
addition products in moderate to good yields. Comparing the ratios of addition products 
allows a relative rating of groups ability to engage in ligand exchange. The experimental 
ranking is close to the calculated ranking of 2-, 3- and 4-pyridyl anions stability in the gas 
phase.
40
 This trend indicates that the ligand, which gives more stable carbanion, leaves 
preferentially from the sulfur atom.
41
  The order is: 
4-PyMgBr > 3-PyMgBr >> PhMgBr > p-TolMgBr > 2-PyMgBr 
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 Nucleophilic attack of an organolithium or Grignard reagent on a sulfoxide causes 
either ejection of one of the sulfur substituents with inversion of configuration at sulfur 42 
or coupling between axial and equatorial groups. The relative propensity toward 
exchange and coupling depends largely on the electronic properties of the substituents. 
Although the general trend has been established, a complete understanding is currently 
lacking.  
2.3 Metalation at sp3 Carbon 
2.3.1 Lithiation at sp3 Carbon 
 Several hydroxyl-bearing sulfoxides react with excess alkyl lithium in exchange 
reactions.43 Exposing the hydroxysulfoxide 36 to BuLi affords, after protonation, the 
alcohol 37 (Eq. 4). Presumably, the reaction proceeds through the lithium alkoxide that 
subsequently suffers sulfinyl-lithium exchange.
44
 However, the rate of sulfinyl-lithium 
exchange is only slightly slower than the rate at which BuLi is protonated45 so the 
formation of 37 could proceed by sequential sulfinyl-lithium exchange followed by 
protonation. 
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 A series of sulfinyl-metal exchanges have been performed on glycosides 
containing tertiary centers.46 Deuterium labeling studies performed during the synthesis of 
pyranoid glycals demonstrate an exclusive preference for sulfinyl-metal exchange over 
deprotonation (Eq. 5).47  
 
 
 In one of the few exchange reactions examining the electronic influence of the 
sulfoxide, electron-withdrawing substituents were found to facilitate the exchange (Eq. 
6).48 The rate of similar bromine-magnesium exchange is accelerated by in the presence 
of electron withdrawing substituents.49 Treating 40 with MeLi.LiBr to generate the 
lithium alkoxide prior to an exchange-alkylation with t-BuLi and trapping with an 
aldehyde is significantly more efficient with nitrophenyl and phenyl sulfoxides 40a and 
40c. The p-methoxyphenyl sulfoxide 40b affords about half the amount of 41b 
accompanied by the alcohol resulting from metalation adjacent to the methoxy group. 
Potentially, the exchange may be possible with electron-rich aromatics if alternative 
deprotonations are suppressed. 
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 The sulfinyl moiety in sulfinyl epoxides 42 are displaced by alkyllithiums to form 
lithiated cyclopropanes (Eq. 7).50 The lithiated epoxides are unstable and, for 
displacements with BuLi, the lithiated epoxide is rapidly protonated by the co-formed 
butyl toyl sulfoxide. Using t-BuLi overcomes the protonation and allows alkylation with 
a variety of reactive electrophiles to form substituted expoxides 43. 
 
2.3.2 Magnesiation at sp3 Carbon 
 Stereochemically defined quaternary cyclopropanes were prepared by successive 
bromine-magnesium and sulfinyl-magnesium exchange.51 The bromine-magnesium 
exchange of the thioether 44  with i-PrMgCl followed sequential addition of CuCN.2LiCl 
and allyl bromide or methallyl bromide, respectively, furnishes the allylated products 45a 
and 45b in 71 and 70% yield (Scheme 9). Thioether oxidation with m-CPBA affords the 
corresponding sulfoxides 46a, 46b. Subsequent sulfoxide-magnesium exchange and 
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addition of methallyl or allyl bromide in the presence of CuCN.2LiCl (0.5 mol %) 
provides the two diastereomeric cyclopropanenitriles 47a (73%) and 47b (69%) as single 
diastereoisomers.  
 
Scheme  9. Succesive Bromine-Magnesium and Sulfinyl-Magnesium Exchange. 
 Functionalized magnesium carbenoids are valuable synthetic intermediates 
because electrophilic functionality is incorporated within the product. The sulfinyl-
magnesium exchange of 48 generates the ester bearing magnesium carbenoid 49 which is 
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trapped with benzaldehyde and TMSCl to afford selectively the protected 1,2-diol 
derivative 50 in 61% yield (Scheme 9).52 
 
Scheme  9. Functionalized Magnesium Carbenoid via Sulfinyl-Magnesium 
Exchange. 
Grignard reagents trigger the sulfinyl-magnesium exchange of dialkyl 
(alkylsulfinyl)methylphosphonates 51.53 Sulfoxide displacement predominates over 
deprotonation, which is remarkable given the acidity of the methylene protons (Eq. 8).  
 
2.4 Metalation at sp2 Carbon 
2.4.1 Lithiation at sp2 Carbon 
 Exposing the sulfoxide 54 to t-butyllithium causes a sulfinyl-lithium exchange to 
afford N-protected amino sulfide 55 in nearly quantitative yield (Scheme 10). Acidic 
cleavage of the sulfonamide affords the optically pure amino sulfide 56. Enantiomerically 
pure 1,2-amino sulfides and 1,2-aminothiols are useful as N, S-ligands for 
enantioselective reactions such as palladium-catalyzed allylic substitutions54 and are 
present in biologically active molecules55 such as diltiazem or anticancer agents like 
ecteinascidine.56 
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Scheme  10. Synthesis of Enantionpure 1,2-amino sulfide via  
sulfinyl-lithium exchange. 
 A highly enantioselective (ee>94%) synthesis of 2-naphthylalkylamine 
derivatives was developed using the sulfoxide chirality to install a chiral center followed 
by a desulfinylation via sulfinyl-lithium exchange (Scheme 11).57 Sulfinyl imine 57 
undergoes a directed nucleophilic addition on the activated imine with high 
diastereoselectivity. The resulting amine 58 undergoes a sulfinyl-lithium exchange  with 
BuLi and HMPA to give the optically active amine 59.  
 
Scheme  11. Synthesis of chiral amines via sulfinyl-lithium exchange. 
  
 The sulfoxide chirality directs the stereochemistry during addition of 
organomagnesium reagents to the aldehyde 60. Subsequent addition of BuLi triggers a 
sulfoxide-metal exchange to provide the chiral alcohol 62.58 
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Scheme  12. Desulfinylation via a sulfoxide-lithium exchange. 
   
 Sulfoxide-lithium exchanges proceed equally well with cyclic sulfoxides. 
Treating optically pure cyclic sulfoxide 63 with alkyllithium causes a ring-opening via an 
exchange reaction to yield the optically pure acyclic sulfoxide 64 (Eq. 9).
59
 
 
 Treating the diastereomeric sulfoxides 70a, 70b and 70c with PhLi triggers a 
sulfinyl-lithium exchange cyclization to generate the pyran ring of 71 (Eq. 10). The 
sulfinyl-metal exchange regioselectively cleaves the phenyl ring rather than the more 
electron rich alkoxy-phenyl ring.  
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 Diastereomerically pure amidosulfoxide anti-67 was submitted to sulfoxide-
lithium exchange to generate the enantiomerically enriched organolithium 68 (Scheme 
13).
60
 After two minutes, the minimum time required for complete exchange of the 
sulfinyl group, an aldehyde electrophile was added. The chiral alcohols 69 were obtained 
in diastereomeric ratio greater than 10:1. Performing the sulfinyl-lithium exchange with 
optically pure sulfinylamides 67 and alkylating with cyclohexene oxide gave the 
corresponding alcohols with similar stereoselectivity.  
 
Scheme 13.  Sulfinyl-lithium exchange: chiral memory of alkylation 
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 Sulfoxide-lithium exchange of vinyl sulfoxides 70a-c on treatment with BuLi in 
THF gave the α-lithiated enol ethers (Scheme 14). Quenching the reaction mixture with 
methanol at –78 °C returned the enol ethers 72a-c in quantitative yield.61 A simple 
competition experiment was used to establish the relative rate of the ubiquitous tin-
lithium transmetallation against the sulfoxide-lithium exchange reaction. A mixture of 
sulfoxide (70, 0.5 equiv) and tributylstannane (73, 0.5 equiv) was treated with 0.25 
equivalent of BuLi in Et2O at –78 °C and after 1 min the mixture quenched with water. 
Nearly all of the BuLi had reacted with sulfoxide 70, with the calculated exchange rate 
for the sulfoxide-lithium exchange being ≥25 times faster than transmetallation. 
 
Scheme 14. Synthesis of enol ether via sulfinyl-lithium exchange. 
 Binaphthyl enantiomers were resolved using sulfoxide-lithium exchange. First 
sulfinylation of 74 with Anderson's sulfinate was performed, and diastereomeric 
sulfoxides 75a and 75b were separated and subjected to sulfoxide–lithium exchange by 
treatment with 2.1 equiv. t-BuLi to yield the enantiomerically pure binaphthyllithiums 
76a and 76b. These organolithiums were evidently configurationally stable about the Ar–
Ar axis over the period of the reaction, because methylation of each enantiomer yielded 
the enantiomerically pure binaphthyls 77a and 78a in good yield and with 99% ee in each 
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case. Protonation yielded the enantiomerically enriched binaphthyls 77b with some loss 
of enantiomeric excess (Scheme 15), which we attribute to partial racemization of the 
product during isolation. The strategy clearly has potential for application to more 
valuable biaryl targets.
62
 
 
Scheme 15. Resolution of binaphthyl via sulfoxide-lithium exchange. 
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 A similar sulfoxide-metal exchange employing a chiral sulfoxide formed the basis 
for the synthesis of chiral QUINAP.63 
2.4.2 Magnesiation at sp2 Carbon 
 Sulfoxides are excellent directing groups.
64
 Sulfoxide-directed deprotonation-
alkylation followed by a sulfinyl-metal exchange alkylation is an excellent two-step 
strategy for preparing disubstituted aromatics (Scheme 16). TMPMgCl·LiCl deprotonate 
79 and sulfur trapping provides 80. Addition of i-PrMgCl·LiCl, generates a new Grignard 
reagent that traps dimethyliminium acetate to afford 81.
65
 
 
Scheme 16. Functionalized arenes via sulfinyl-magnesium exchange. 
  
 The sulfoxide-directed deprotonation exchange strategy allows                          
2,3-functionalization of furans, benzofurans and thiophenes. Deprotonation with 
TMPMgCl.LiCl occurs adjacent to the sulfoxide, generating an aryl Grignard that traps 
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electrophiles to afford the substituted sulfoxide 83. Sulfoxide-magnesium exchange with  
i-PrMgCl.LiCl allows 2,3-difunctionalization of 2-arylsulfinyl furans, thiophenes and 
benzofurans. Repeating the strategy with furan and thiophene scaffolds permits a 
selective functionalization of all 4 positions.
66
  
 
Scheme 17. 2,3-Diunctionalization of heterocycles via sulfinyl-magnesium exchange. 
  
 2-Halosulfinylarenes 85 react with Grignard reagents in a sulfoxide-magnesium 
exchange to generate 2-halomagnesium carbenoid 86. At low temperature the Grignard 
86 is trapped by electrophiles whereas heating collapses 86 to the benzyne 87 that can be 
trapped in a Diels Alder reaction with furan to give the 89.
67
 The sulfinyl-magnesium 
exchange of 85 demonstrates that the SOPh-Mg exchange is faster than bromine-
magnesium and chlorine-magnesium exchange.  
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Scheme 18. Sulfinyl-Magnesium Exchange-Benzyne generation 
 A similar series of additions of BuLi to ortho-chloro-, bromo-, and iodophenyl 
tolyl sulfoxides affords two different products. The ortho-chlorosulfoxide was efficiently 
displaced whereas the bromo- and iodo-analogs suffered halogen-metal exchange.68 In 
general, this suggests that halogen-metal exchange is faster than sulfoxide-metal 
exchange. 
 Magnesium enolates of α-chlorocarboxylic acid derivatives were prepared by 
adding ethylmagnsium bromide to α-halo α-sulfinyl ketones 90c.69 The resulting 
magnesium enolate 91 can be trapped with carbonyl electrophiles to afford 93 or with 
aqueous NH4Cl to give the desulinylated adduct 92. Even α-chloro-α-sulfinylcarboxylic 
acids and α-chloro-α-sulfinylesters gave the corresponding α-chlorocarboxylic acid and 
α-chloroester respectively.  
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Scheme 19: Magnesium enolates via Sulfinyl-Magnesium Exchange. 
 Treating o-halophenyl p-tolyl sulfoxides 94 with LDA allows regiospecific ortho-
lithiation to afford 95 which can be trapped by an aldehyde to give chiral alcohol 96. 
Subsequent sulfoxide-magnesium exchange affords an organomagnesium species which 
undergoes protonation to gives meta-substituted optically active aryl alcohols 97.70  
  
Scheme 20: Synthesis of chiral aryl alcohol via sulfinyl-magnesium exchange. 
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2.5 Metalation at sp Carbon 
2.5.1 Lithiation at sp Carbon 
 Acetylenic groups can be displaced with excess t-BuLi.71 For example, treating 
the acetylenic sulfoxide 98 with t-BuLi afford 99 through a ligand exchange involving 
acetylide displacement. Several sulfoxides bearing halogenated olefins have been used as 
displaceable groups with formation of acetylene via dehydrohalogenation driving the 
displacement.72 
 
2.6  Chiral Organometallics via Sulfinyl-Metal Exchange 
 Chiral organometallics are ideal reagents for stereoselective synthesis. The quest 
for a chiral Grignard has stimulated several approaches
73
 and has recieved significant 
advances through the sulfinyl-magnesium exchange of the enantiopure α-chlorosulfoxide 
100 (Scheme 21).74 Adding ethylmagnesium bromide to 100 generates sulfoxide 102 with 
with inversion of configuration at sulfur and the Grignard reagent 101. The carbenoid 101 
can be trapped with reactive electrophiles such as benzaldehyde activated with 
dimethylaluminium chloride which furnishes the chlorohydrin 105. The α-chloroalkyl-
Grignard reagent 101 also reacts with α-aminomethylbenzotriazole 103 to form 104; the 
chloroamine shows 93% ee.75 Alkylations of α-chloroalkyl-Grignard 101 occur with 
virtually complete retention of configuration at the chlorine bearing carbon.  
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Scheme 21: Chiral carbenoids via sulfinyl-magnesium exchange. 
 The sulfinyl-magnesium exchange of α-chlorosulfoxide 100 establishes proof of 
principle for generating chiral Grignard species. The addition of five equivalents of 
EtMgBr triggers a sulfinyl-magnesium exchange which then reacts with excess EtMgBr 
to furnish the chiral Grignard reagent 107. The chiral Grignard 107 reacts  with phenyl 
isocyanate to yield the thioamide 109 and can be oxidized to the chiral alcohol 108. 
Chiral Grignard 107 in which the magnesium bearing carbon atom is the sole stereogenic 
center can be coupled with vinyl bromide under Pd(0) or Ni(0)-catalysis to give olefin 
110 with full retention of configuration.76 
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Scheme 22: Chiral Grignard reagents via sulfinyl-magnesium exchange. 
 The chiral carbenoid 101 has been employed in a Stereoselective Reagent 
Controlled Homologation (StReCH). Adding the organmagnesium 101a to the boronic 
ester 111 followed by oxidation gives homologated chiral sec-alcohol 112. Switching 
from the Grignard 101a to the analogous organolithium 101b improved the yield by 30% 
and the enantioselectivity by 10%.
77
  
 
Scheme 34: Stereocontrolled homologation of boronic esters via sulfinyl-metal 
exchange. 
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2.7 Conclusion 
 Sulfinyl-metal exchange is a powerful method for generating organometallics. 
The exchange is extremely fast with sp, sp
2
 and sp
3
 hybridized carbons. In competition 
experiments, the sulfinyl-metal exchange is faster than halogen-metal exchange and 
trialkylstannane transmetallation.  
 Sulfoxides have a rich chemical history. Sequential sulfoxide-directed metallation 
and alkylation followed by sulfinyl-metal exchange alkylation provides a traceless route 
to substituted aromatics. Chiral sulfoxides can be harnessed in diastereoselective 
alkylations followed by sulfinyl-metal exchange and protonation or alkylation to generate 
diverse chiral substrates. Probably the best example of the utility of chiral sulfoxides in 
sulfinyl exchange reaction is the formation of chiral Grignard reagents and their 
alkylation with a diverse array of electrophiles. The mildness, functional group tolerance 
and excellent predictable stereoselectivity bode well for the expanded use of sulfinyl-
metal exchange in synthesis. 
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CHAPTER 3  
SULFINYLNITRILES: SULFINYL-METAL EXCHANGE-ALKYLATION 
STRATEGIES 
(Taken in part from Chem. Eur. J. 2013, 19, 2023-2029.) 
3.1 Introduction: 
 
Metalated nitriles are powerful nucleophiles capable of forging of highly congested 
carbon-carbon bonds.
[78] The exceptional nucleophilicity stems from a combination of the 
nitrile's small steric demand
[79] and an inductive stabilization
[80] which localizes a high 
charge density on the nucleophilic carbon. Several industrial processes harness the 
nucleophilicity of metalated nitriles in setting the nitrile-bearing, quaternary centers of 
pharmaceuticals
[81] (Figure 3.1) such as the anti-cancer agent anastrazole (1),
[82] the H1-
receptor antagonist levocabastine (2),
[83] and the osteoporosis candidate odanacatib (3).
[84]  
 
Figure 3.1 Representative quaternary, nitrile-containing pharmaceuticals. 
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3.2 Background:  
 Quaternary nitriles are typically prepared by sequential deprotonation-alkylation 
sequences.
[85] Alkanenitriles have a higher pKa value than comparable carbonyl 
functionalities, approximately 30 for protons on the nitrile-bearing carbon,
 86 which 
usually necessitates deprotonating with very strong bases. Lithium diisopropylamide is 
most often employed to deprotonate alkanenitriles,85 resulting in a planar N-lithiated 
nitrile.87 Structurally distinct C-metalated nitriles can be accessed through Grignard- or 
alkylcopper-induced halogen-metal exchange reactions with α-chloro,88 α-bromo,89 and α-
iodonitriles.89 Selective access to N- or C-metalated nitriles is important because the 
coordination mode can dictate different alkylation regio- and stereoselectivities (Scheme 
1, 5 → 4 compared to 5 → 6). 
 
 
Scheme 1. chemodivergent alkylations of N- and C-metalated nitriles. 
 Despite extensive use in academic
[85] and industrial applications,
[90] there remain 
several challenges in alkylating nitriles. The use of strong, highly nucleophilic bases for 
deprotonating alkanenitriles
[85] establishes firm functional group boundaries and precludes 
incorporation of more acidic sites within the carbon scaffold. Several ingenious catalysts 
and reagent systems have been designed to address the deprotonation, and alkylation, of 
acetonitrile
[91] (Scheme 2, 7 → 8) and activated alkanenitriles[92] (Scheme 2, 8 → 9, R1 = 
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aryl or vinyl), with mild base or base-catalyst combinations. The challenge is a functional 
group tolerant alkylation of unactivated secondary and tertiary alkylnitriles.  
 An equally significant, and yet largely unrecognized problem, is the selective 
monoalkylation of primary alkanenitriles (Scheme 2, 8 → 9). Although strong bases 
completely deprotonate alkanenitriles 8, the subsequent alkylation is typically slower 
than proton transfer between the tertiary alkylated nitrile 9 and the metalated nitrile 
precursor. Rapid proton transfer results in significant double alkylation (8 → 10 R2=R1) 
and recovery of unalkylated nitrile 8.
[93] Selectively alkylating primary alkanenitriles 8 
with a modest excess of an electrophile to generate secondary alkanenitriles 9 is a 
challenge. 
 
Scheme 2. Alkanenitrile alkylation strategies. 
 In contrast to traditional deprotonation strategies employing strong base (Scheme 
2, 7 → 10), preliminary sulfinyl-metal exchange reactions demonstrate a high functional 
group tolerance (Scheme 2, 12 → 10).[94] In addition, using phenylsulfinyl acetonitrile 
(11a) as a precursor allows two sequential alkylations with mild base (11a → 12). 
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Subsequently deploying the sulfinyl group as a latent nucleophile, by adding an 
organometallic 12 → 13, permits a third alkylation to form quaternary nitriles 10. This 
full account significantly expands the range of substrates and electrophiles reported in the 
preliminary sulfoxide-metal exchange-alkylation,
[94] addresses the challenge of preparing 
tertiary nitriles through exchange-alkylation sequences with tertiary sulfinylnitriles, and 
demonstrates exchange-alkylations at the sp
2
 centers of sulfinylalkenenitriles. 
3.3 Precursor Synthesis 
 Three complimentary synthetic entries to substituted sulfinylnitriles 12 have been 
developed (Scheme 3). Deprotonating phenylsulfinylacetonitrile (11a)
[95] with sodium 
hydride in DMF allows a facile alkylation at room temperature. Alternatively, refluxing 
11a in THF with 1,5-dibromopentane and cesium carbonate efficiently provides the 
sulfinylnitrile 12e. The use of Cs2CO3 is particularly significant because the two 
sequential alkylations employ a mild base tolerated by numerous functional groups. 
 In cases where the nitrile (14) is available, sequential deprotonation and 
sulfinylation with methyl phenylsulfinate
 
 provides the sulfinylnitrile 12.
[96] Alternatively, 
alkylating commercially available phenylthioacetonitrile (15a) and oxidizing the resulting 
sulfide,
[97] provides a third entry to sulfinylnitriles (12). The syntheses are complementary 
in accessing sulfinylnitriles 12 under basic (11a → 12 and 14 → 12) or acidic conditions 
(through oxidation of 15a) which ensures access to sulfinylnitriles prone to 
elimination.
[98] 
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Scheme 3. Strategies for accessing substituted sulfinylnitriles. 
3.4 Sulfinyl-Magnesium Exchange  
The sulfinyl-magnesium exchange-alkylation is fast, efficient, and installs quaternary 
centers in a range of cyclic and acyclic nitriles (Table 1 entries 1-20 and 21-25, 
respectively). Sequentially adding i-PrMgCl and BnBr to the three- through six-
membered sulfinylnitriles 12a-12d affords the corresponding quaternary nitriles in 
excellent yield (Table 1, entries 1-4). The highly efficient sulfinyl-magnesium exchange 
of the cyclopropanecarbonitrile 12a demonstrates that prior, less-efficient reactions
[99]
 do 
not reflect inherent difficulties with the exchange-alkylation method but rather stem from 
extreme steric congestion on the cyclopropane ring. 
 The electrophile scope was probed with the six-membered sulfinylnitrile 12d 
because exchange-alkylation sequences install the core cyclohexanecarbonitrile motif 
embedded within several nitrile-containing pharmaceuticals (see, for example, 
levocabastine (2), Figure 1). Intercepting the magnesiated nitrile derived from 12d 
proceeds equally well with reactive allylic and propargylic bromides as with primary and 
secondary alkyl halides (Table 1, entries 5-9). The alkylation with isopropyl iodide is 
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particularly significant because the sequence installs contiguous quaternary-tertiary 
centers (Table 1, entry 9). 
 Sulfinyl exchange-alkylations of the prototype sulfinylnitrile 12d are equally 
effective with ketone, acyl cyanide, and acid chloride carbonyl electrophiles (Table 1, 
entries 10-14). Electrophilic addition to benzylidene malononitrile, a carbonyl 
surrogate,
[100] proceeds well as do the electrophiles propylene oxide and diphenyl 
disulphide (Table 1, entries 15-17). Cyclohexenone is attacked selectively at the carbonyl 
carbon (Table 1, entry 11), which is likely a consequence of strong chelation between the 
alkoxymagnesium intermediate and the π-electrons of the nitrile[101] which prevents 
equilibration to the more stable conjugate adduct.
[102] Presented with a choice of ketone 
and alkyl bromide electrophilic sites, attack occurs on the carbonyl of 2-
bromoacetophenone to afford epoxide 10n (Table 1, entry 14). Bicyclic and acyclic 
sulfinylnitriles 12e-12j intercept electrophiles with efficiencies essentially the same as for 
monocyclic sulfinyl nitriles (Table 1, entries 18-22 and 1-17, respectively).  
Table 3.1 Sulfinyl-magnesium exchange of tertiary sulfinylnitriles. 
 
 
Entry Sulfinylnitrile Electrophile Quaternary 
nitrile
[a]
 
Yield 
1 
 
 
 
93% 
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2 
 
 
 
99% 
3 
 
 
 
90% 
4 
 
 
 
96% 
5 
 
 
 
92% 
6 
 
 
 
87% 
7 
 
 
 
86% 
8 
 
 
 
87% 
9 
 
 
 
90% 
10 
 
 
 
92% 
11 
 
 
 
86% 
12 
 
 
 
91% 
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13 
 
 
 
90% 
14 
 
 
 
88% 
15 
 
 
 
92% 
16 
 
 
 
91% 
17 
 
 
 
77% 
18 
 
 
 
96% 
19 
 
 
 
96% 
20 
 
 
 
92% 
21 
 
 
 
94% 
22 
 
 
 
91% 
 
3.5 Functional Group Tolerance 
 Particularly remarkable is the functional group tolerance in the exchange-
alkylation. Electrophilic attack on pivaloyl chloride and methyl cyanoformate (Table 1, 
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entries 12, 13) proceeds in excellent yield without any observable addition to the newly 
installed carbonyl functionality. More remarkable is the ability to perform the acylations 
by adding a solution of i-PrMgCl to a -78 °C, THF solution of the electrophile and the 
sulfinyl nitrile. Consistent with the high functional group tolerance, are the exchanges 
with substrates containing electrophilic alkyl chloride (12h), nitrile (12i), and ester (12j) 
functionalities (Scheme 4). Not only is there no intramolecular alkylation with the 
intermediate magnesiated nitrile, but there is no proton transfer with the adjacent ester or 
nitrile groups contained within 12j and 12i, respectively. 
 
 
Scheme  4. Functional group tolerance during sulfinyl-mangesium exchange. 
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3.6 Sulfinyl-magnesium exchange at 3o Sulfinylnitriles 
 The excellent functional group tolerance, and complete absence of competitive 
deprotonation in the sulfinyl-magnesium exchange, stimulated a series of exchange 
reactions with tertiary sulfinylnitriles (Table 3.2). Extending the sulfinyl-magnesium 
exchange to tertiary sulfinylnitriles requires avoiding deprotonation of the acidic methine, 
pKa ~ 12,
[103] and if successful, equilibration with the alkylated nitrile. Early 
optimizations with one equivalent of i-PrMgCl afforded approximately equal amounts of 
the alkylated nitrile 9 and recovered sulfinylnitrile 16. Assuming that the recovered 
sulfinyl nitrile arises from competitive deprotonation by the initially formed magnesiated 
nitrile, excess i-PrMgCl was screened and two equivalents of i-PrMgCl found to be 
optimal. Typically a -78 °C, THF solution of the sulfinylnitrile was added to a -78 °C, 
THF solution of i-PrMgCl although adding i-PrMgCl to a -78 °C, THF solution of the 
sulfinylnitrile and electrophile works equally well. Maintaining the temperature at -78 °C 
by adding precooled reagents is the key parameter.  
 Sequential exchange-alkylations with secondary sulfinylnitriles bearing alkyl, 
cyclopropyl, and benzylic substituents are equally effective (Table 3.2). Magnesiated 
nitriles generated through the exchange uneventfully alkylate cyanoformates, pivaloyl 
chloride, and benzoyl chloride to afford substituted nitriles 9a, 9b, 9d, 9e, and 9f bearing 
highly acidic protons (Table 3.2). The presence of the potentially coordinating methoxy 
group in 16b does not interfere with the alkylation (Table 3.2, entry 4). Compared to 
sulfinyl-magnesium exchange-alkylations of quaternary sulfinylnitriles (Table 3.1), the 
corresponding alkylations with tertiary sulfinylnitriles are about 20% less efficient.   
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Table 3.2 Secondary sulfinylnitrile exchange-alkylation 
 
Entry
[a]
 Sulfinylnitrile Electrophile
[a] 
Tertiary nitrile Yield 
1 
 
 
 
70% 
2 
 
 
 
72% 
3 
 
 
 
81%
[c] 
4 
 
 
 
72%
[b] 
5 
 
 
 
91% 
6 
 
 
 
73% 
7 
 
 
 
84% 
[a] A -78 °C, THF solution  of the sulfinylnitrile was added, dropwise, to a -78 °C, THF solution of i-
PrMgCl (2 equiv.) and then the electrophile was added. [b] A -78 °C, THF solution  of i-PrMgCl (2 equiv.) 
was added to a -78 °C, THF solution of the sulfinylnitrile containing the electrophile. [c] Catalytic CuCN 
(10%) was added after the sulfinyl-magnesium exchange and before addition of BnBr. 
 While the exchange-alkylation works well with carbonyl electrophiles, alkyl 
halides were unreactive under a variety of conditions. However, transmetallating from 
magnesium to copper through the addition of catalytic CuCN allows a smooth alkylation 
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with benzyl bromide (Table 3.2, entry 3). The exchange-alkylation with tertiary 
sulfinylnitriles represents a considerable improvement on current nitrile alkylation 
procedures
[93] by enlarging the electrophile scope and avoiding polyalkylation.  
3.7 Sulfinyl-Magnesium Exchange at sp2 center 
Forming α-metalated alkenenitriles is challenging. Direct deprotonation of 
alkenenitriles is rather substrate specific
[104] whereas bromine-magnesium exchange with 
α-bromoalkenenitriles affords vinylmagnesium species with modest nucleophilicity.[105] 
The challenge lies in developing a general entry into α-metalated alkenenitriles that are 
sufficiently nucleophilic to alkylate simple alkyl halides. Facile access to a suitable 
sulfinylalkenenitrile prototype, 17, was readily achieved by condensing 
phenylsulfinylacetonitrile with benzaldehyde (Table 3.3).
[106] Standard addition of              
i-PrMgCl to 17 affords a magnesiated nitrile 18 that efficiently intercepts reactive 
electrophiles (Table 3.3, entries 1-4). Attempts to alkylate 18 with propyl iodide were 
unsuccessful. However, adding two equivalents of BuLi to 18 affords a significantly 
more reactive organometallic, presumably a magnesiate,
107
 that very efficiently alkylates 
propyl iodide to afford the trisubstituted nitrile 19e (Table 3.3, entry 5).  
 Exchange-alkylations of diastereomerically pure E-17 afford E:Z mixtures
[108]
 of 
trisubstituted alkenenitriles 19 in three out of five alkylations. Only with the reactive 
electrophiles CD3OD and acetophenone is one diastereomer produced (Table 3, entries 4 
and 6). Presumably the magnesiated nitrile 18 is prone to E:Z equilibration
[d] 
resulting in 
a loss of stereochemical integrity in the slow alkylations with less reactive electrophiles. 
 51 
The constant 2:1 ratio of diastereomers 19b, 19c, and 19e are consistent with 
equilibration to a 2:1 ratio of magnesiated nitrile diastereomers. 
Table 3.3 Suflinyl-Magnesium exchange of sp
2
 hybridized sulfinylalkenenitriles 
 
Entry Electrophile Alkenenitrile Yield 
(E:Z) 
1 
 
 
86% 
(7:1) 
2  
 
84% 
(2:1) 
3  
 
88% 
(2:1) 
4  
 
85% 
(>19:1) 
5  
 
82%
[a] 
(2:1) 
6 
 
 
78% 
(>20:1) 
[a] Two equivalents of BuLi were added to 18 prior to adding PrI. 
3.8 Sulfinyl-Lithium/Sulfinyl-Zinc Exchange 
 The successful sulfinyl-magnesium exchange-alkylations stimulated exploring 
other organometallics to access metalated nitriles. Sequential addition of BuLi and 
cinnamyl bromide to the prototypical sulfinylnitrile 12d afforded a 90% yield of 
quaternary nitrile 10f (Scheme 5). Although neither ethylzinc iodide nor diethylzinc were 
 52 
able to exchange with the sulfinyl group, lithium butyldiethylzincate
[109] generates a 
reactive nucleophile that alkylates methyl cyanoformate, benzyl bromide and propyl 
iodide (Scheme 5). The alkylation with PrI strongly implicates a zincate intermediate 
because cyanoalkylzincs are notoriously unreactive.
[110] Phenyl ethyl sulfoxide (20a) and 
phenyl butyl sulfoxide (20b) were both isolated from the zincate exchange protocol, 
indicating that either alkyl group can initiate the exchange.  
 
Scheme 5. Sulfinyl-metal exchange with butyllithium and butyldiethylzincate. 
3.9 Mechanism 
 Organometallics attack sulfoxides to afford sulfurane intermediates that typically 
fragment with inversion of stereochemistry at sulphur.
 [111]
 For the sulfinyl nitriles 12, the 
organometallics may complex with the sulfoxide oxygen
[112]
 (21) to facilitate 
nucleophilic attack on sulphur (Scheme 5). Concerted collapse of sulfurane 22 to the N-
metalated nitrile 23 benefits from minimal charge separation during the metal migration 
from oxygen to nitrogen and, for the exchange with butyllithium, would directly form an 
N-lithiated nitrile (23, M=Li). N-Magnesiated nitriles (23, M=MgCl) generated through 
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an exchange with i-PrMgCl, rapidly equilibrate to C-magnesiated nitriles (24, M=MgCl) 
through "conducted tour"
[113] or ion pair separation mechanisms.
[114] The near quantitative 
isolation of i-PrSOPh (20c) is observed in all the exchange procedures employing i-
PrMgCl
[115] 
whereas BuSOPh (20b) is isolated from the corresponding reaction with 
BuLi. 
 
Scheme 5. Mechanism of sulfinyl-metal exchange. 
 The sulfinyl-metal exchange is extremely fast. Protonation experiments indicate 
that the exchange is complete within 1-2 minutes at -78 °C. Anecdotal evidence suggests 
that the exchange is virtually instantaneous. Further evidence for an extremely rapid 
exchange came from an unusual deuteration experiment in which two equivalents of 
BuLi was added to a -78 °C, THF solution of the sulfinyl nitrile 12d (1 equiv) containing 
deuterated methanol (2.5 equiv, eqn. 1). In addition to recovered sulfinylnitrile 12d 
(60%), a remarkable 35% each of butylphenylsulfoxide (20b) and deuterated
[116] 
cyclohexanecarbonitrile 10z were obtained! The formation of 10z and 20b indicates that 
the sulfinyl-lithium exchange is roughly as fast as the reaction of BuLi with CD3OD.
[117]
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Equation 1. Competitive deuteration and sulfinyl-metal exchange. 
 The exchange rate is modestly influenced by the nature of the aromatic sulfoxide 
substituent (eqn. 2). Performing the exchange-acylation with the electron-rich 
methoxyphenylsulfinylnitrile 12k and methyl cyanoformate affords 10l in virtually 
identical yield, 90%, as with the corresponding phenylsulfinylnitrile 12d (91%, Table 1, 
entry 12). 
 
Equation 2. Influence of the sulfoxide on the sulfinyl-metal exchange. 
 Competitive exchange processes indicate that phenylsulfinylnitrile 12d reacts 
faster with organometallics than methoxyphenylsulfinylnitrile 12k. Adding one 
equivalent of i-PrMgCl or BuLi to a 1:1 mixture of 12d and 12k (1 equiv each) affords 
more phenylisopropylsulfoxide (20c) or phenylbutylsulfoxide (20b) than the 
corresponding methoxyphenylsulfoxide 20d (eqn. 3). Although speculative, the slower 
rate of the methoxyphenylsulfoxide may reflect a steric impediment for attack by the 
organometallic reagent. 
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Equation 3. Competitive sulfinyl-metal exchange. 
3.10 Crystral structure of sulfinylnitriles 
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Figure 3.2 Crystal Structures of sulfinylnitriles. 
 
3.11  Conclusion 
 Sulfinylnitriles readily engage in a sulfinyl-metal exchange, providing a powerful 
method of generating metalated nitriles. The exchange is equally efficient with 
organolithium, organomagnesium, or triorganozincate organometallics, allowing control 
over the counter-ion in the metalated nitrile. The exchange is extremely fast; BuLi 
exchanges with sulfinylnitriles even in the presence of CD3OD. i-PrMgCl smoothly 
transforms quaternary, tertiary, and sp
2
 hybridized sulfinylnitriles into C-magnesiated 
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nitriles that intercept a diverse array of electrophiles. Magnesiated nitriles generated in 
the exchange readily install quaternary centers and even alkylate isopropyl iodide to 
install contiguous quaternary-tertiary stereocenters. 
 The sulfinyl-metal exchange tolerates a range of electrophilic and potentially 
acidic functionalities. Sulfinylnitriles containing electrophilic alkyl chloride, ester, and 
nitrile functionalities remain unaffected in the exchange-alkylation sequence despite the 
potential for intramolecular alkylation and proton transfer. Particularly surprising is the 
sequential exchange-alkylation of tertiary sulfinylnitriles that contain a highly acidic 
proton (pKa~12). Two equivalents of i-PrMgCl is sufficient to convert secondary 
sulfinylnitriles into magnesiated nitriles capable of alkylating carbonyl electrophiles to 
form ketonitriles and α-cyanoesters, themselves containing highly acidic functionality. 
The strategy addresses the long-standing difficulty of preparing tertiary nitriles without 
polyalkylation. 
 Sulfinyl-metal exchange uniquely transforms sulfinylnitriles into potent 
nucleophiles capable of new types of alkylations. The exceptional functional group 
tolerance, especially toward acidic sites, addresses the long-standing challenge of 
selectively generating metalated nitriles in the presence of carbonyl groups. Insight into 
the scope and mechanism bode well for the future use of this chemistry in synthesis. 
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CHAPTER 4  
METALATED NITRILE ALKYLATION VIA SULFIDE-METAL EXCHANGE 
(Taken in parts from the Manuscript of paper for sulfide-metal exchange) 
 
4.1 Introduction 
 Metalated nitriles are powerful nucleophiles that feature prominently in sterically 
demanding alkylations.
118
 The exceptional nucleophilicity derives from a combination of 
the nitrile's small volume
119
 and a high charge density on carbon derived from inductive, 
rather than resonance, stabilization.
120
 Collectively, the combination of small steric 
demand
121
 and high nucleophilicity permits alkylations even in cases where comparable 
enolate alkylations are unsuccessful.
122
  
4.2 Background 
 Historically, metalated nitriles have been synthesized most often through the 
deprotonation of alkanenitriles 1 with lithium amide bases (Scheme 1).
118
 Lithium amide 
deprotonation affords N-lithiated nitriles 2, in which the nitrile nitrogen is coordinated to 
the lithium metal. Selectively deprotonating alkanenitriles is challenging because 
alkanenitriles are 5-10 pKa units less acidic than the corresponding carbonyl 
compounds,
120a 
and therefore acidic functionalities are temporarily protected before 
exposure to lithium amide bases. A complementary approach is to generate metalated 
nitriles through an exchange with an organometallic reagent (Figure 1, 4→5→6). Unlike 
lithium amide deprotonations, exchange reactions provide access to either N-lithiated 
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nitriles 2 or C-metalated nitriles 5 simply through judicious selection of the 
organometallic reagent. 
 
Scheme 1. Strategies for generating metalated nitriles 
 Exchange reactions are addressing several long-standing challenges in the 
chemistry of metalated nitriles. -Chloro,123 -bromo,124 and -iodonitriles89 undergo 
facile halogen-magnesium and halogen-lithium exchange reactions to form magnesiated 
and lithiated nitriles that alkylate a range of electrophiles. The extremely rapid halogen-
metal exchange allows access to metalated nitriles in the presence of an enolate, 
demonstrating in principle, a selectivity and functional group tolerance not previously 
possible.
125
  
 Related exchange reactions of sulfinylnitriles (4, X=PhSO) are more versatile and 
functional group tolerant.
126
 Sulfinylnitriles react with organolithiums, Grignard reagents, 
and triorganozincates allowing selective access to N- or C-metalated nitriles. Using this 
technology, metalated nitriles can be generated in the presence of more acidic esters, 
enolates, and nitriles, and without addition to carbonyls or pendant alkyl chlorides. 
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Significantly, secondary sulfinylnitriles smoothly exchange without competitive 
deprotonation
127
 and alkylate without the over-alkylation that plagues many similar 
alkylations.
128
 
 The challenge in expanding exchange-based strategies for generating metalated 
nitriles lies in developing an ideal exchangeable group.
129
 Historically, organometallics 
derived from exchange processes has evolved from bromides and iodides through 
stannanes, and to a lesser extent germanes, selenides and tellurides, to a recent focus on 
sulfoxides.
130
 Sulfoxides have proven to be robust and yet exchange extremely rapidly 
with organomagnesiums and organolithiums.
131
 Currently the main limitation of the 
sulfoxide-exchange is the premature elimination of arylsulfenic acid that plagues access 
to sterically congested sulfoxides and sulfoxides bearing proximal electron withdrawing 
groups.
132
 
 The ideal exchangeable group is functional group tolerant, commercially 
available, readily manipulated, and rapidly exchanged while providing access to diverse 
organometallics. Arylsulfides admirably encapsulate these attractive qualities but are 
distinctly under-utilized,
133
 probably because of the exact quality that makes them such 
an attractive exchangeable group, their relative stability. Arylsulfides appear to have first 
served as enolate precursors through the serendipitous attack of NaSPh on a 
phenylsulfinyl ketone.
134
 From this precedent EtMgBr was used to generate lactone 
enolates not accessible through conventional metal amide deprotonation.
135
  
 Arylthioalkanenitriles are ideal latent organometallics because sulfides are not 
prone to elimination,
136
 are commercially available,
137
 are readily synthesized, and 
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precedent exists for their exchange.
138
 Inherent in the high tolerance of arylsulfides to 
diverse reagents, is a diminished reactivity to exchange with organometallics.
139
 A 
creative solution to enhance sulfide exchange employs the engineered o-(o-
iodophenyl)phenylsulfides 6 to harness an entropically promoted cyclization to drive the 
exchange (Figure 2, 7 → 8 + 9). The strategy successfully generates benzylmagnesium 
chlorides 9 (R
2
M = ArCH2MgCl)
140
 and vinyllithiums 4 (R
2
M = R
2
Li).
141
 
 
Scheme 2. Dibenzothiophene-driven sulfide-metal exchange. 
4.3 Precursor Synthesis 
 Two complementary entries to arylthioalkanenitriles were employed to access the 
arylthiocyclohexanecarbonitrile 11 for exploratory sulfide-metal exchange, double 
alkylation of an arylthioacetonitrile (Figure 3, 10 → 11)142 and sulfenylation of a lithiated 
nitrile (12 → 11). Using these two strategies provided facile access to four- to six-
membered phenylthio, o-methoxyphenylthio-, and pyridylthiocycloalkanecarbonitriles 
(Table 1). 
 
 
Scheme 3. Synthesis of arylthioalkanenitriles. 
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4.4 Sulfide-Lithium Exchange 
 Optimizing the sulfide-metal exchange employed phenylthionitrile 11c as a 
prototype because six-membered nitriles feature in mechanistic studies
143
 and are a key 
motif of several nitrile-containing pharmaceuticals.
144
 Although 11c does not react with i-
PrMgCl, even after 12 h at r.t., BuLi caused a complete exchange at -78 °C in less than 5 
minutes. Trapping the intermediate with benzyl bromide affords the quaternary nitrile 13c 
in 98% yield (Table 4.1, entry 3). Presuming that the successful alkylation with BuLi 
activation stems from the greater nucleophilicity of BuLi relative to i-PrMgCl, the 
phenylthionitrile 11c was treated with the magnesiate Bu3MgLi derived from Bu2Mg and 
BuLi. Minimal exchange occurs at -78 °C but warming to room temperature results in 
complete exchange after one hour. Subsequent cooling the reaction to -78 °C  and 
addition of benzyl bromide affords nitrile 13c in 82% yield (Table 4.1, entry 4). 
 Adopting BuLi as a standard, a series of arylthioacetonitriles were converted 
subjected to the exchange and alkylated with a series of electrophiles (Table 4.1). In a 
series of benzylations with four-, five-, and six-membered phenylthioalkanenitriles, the 
benzyl-substituted nitriles 13a-c were obtained in uniformly excellent yield (Table 1, 
entries 1-3). Using the phenylthionitrile 11c as a prototype and varying the electrophile 
allowed alkylations with reactive alkyl bromide and carbonyl electrophiles as well as 
with less reactive propyl iodide (Table 4.1, entries 5-8).  
 Modulating the electronic environment of the aryl sulfide does not affect the 
efficiency of the BuLi exchange-alkylation. The electron-rich 2-methoxyphenylsulfide 
11d and the sulfide 11e bearing the electron withdrawing pyridine ring, undergo 
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sequential exchange-benzylation in yields essentially the same as the parent phenyl 
sulfide 11c (Table 4.1, compare entry 3 with entries 9 and 10). 
Table 4.1 Sequential arylthio-lithium exchange alkylation. 
 
Entry
[a]
 Substrate Electrophile
 
Alkylated nitrile Yield 
1 
 
 
 
96% 
2 
 
 
 
95% 
3 
 
 
 
98%
 
4 
 
 
 
82%
[a] 
5 
 
 
 
92%
 
6 
   
90% 
7 
   
93% 
8 
 
 
 
94% 
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9 
 
 
 
91%
[b] 
10 
 
 
 
94% 
11 
 
 
 
88% 
12 
 
 
 
86% 
[a] The exchange was performed with Bu3MgLi. 
 [b] A 91% yield of butyl(2-methoxyphenyl)sulfide 
was also isolated. 
 
4.5 Sulfide-Magnesium Exchange 
  2-Pyridylthioalkanenitriles are primed for exchange reactions with less reactive 
organometallics through coordination of Lewis acidic metals to the pyridine nitrogen.
145
 
Conceptually, nitrogen complexation may simultaneously activate the thiopyridine 
toward exchange by removing electron density from the aromatic ring and by anchoring 
the nucleophile close to the electrophilic sulfur. Although 11e fails to exchange with 
BuMgCl at -78 °C, raising the temperature causes the onset of exchange around -50 °C 
(Figure 6). In a separate experiment, the exchange of 11e with BuMgCl at room 
temperature was complete within five seconds. 
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Figure 4.1 Temperature dependence for the exchange of arylthionitrile with 
BuMgCl. 
 i-PrMgCl is more effective than BuMgCl in promoting the phenylthio-magnesium 
exchange of 11e. In a preparative experiment, addition of i-PrMgCl to a THF, -78 °C 
solution of 11e followed, after 10 min., by the addition of BnBr leads to nitrile 13c and 
isopropyl pyridyl sulfide 16b (Eq. 1). 
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 Screening the susceptibility of 11e toward a series of organometallics provided 
insight into the exchange process (Table 4.3). As a point of reference, the exchange of 
11e with BuLi was complete within five seconds at -78 °C (Table 4.3, entry 1). BuMgCl 
requires a temperature of 20 °C for complete exchange in the same timeframe (Table 4.3, 
entry 2). Performing the exchange with the more nucleophilic magnesiates
146
 Bu3MgLi 
and Bu3MgLi.LiCl
147
 causes complete exchange within five seconds at -78 °C (Table 4.3, 
entries 3 and 4, respectively). The exchange with Bu3MgLi appears cleaner than for 
Bu3MgLi.LiCl based on a comparison of the crude 
1
H NMR spectra.   
Table 4.2 Comparative Exchanges of pyridylthionitrile with different 
organometallics 
 
Entry RM Temp Time Exchange 
1 BuLi -78 °C 5 s >95% 
2 BuMgCl 20 °C 5 s >95% 
3 Bu3MgLi -78 °C 5 s >95% 
4 Bu3MgLi.LiCl -78 °C 5 s >95% 
5 Bu3ZnLi 0 °C 5 min >95% 
6 Bu2CuLi 0 °C 5 min >95% 
  
 A series of (2-pyridinethio)alkanenitriles were subjected to the Bu3MgLi 
exchange-alkylation to probe the reaction generality (Table 4.4). The magnesiate 
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exchange process provides a nucleophilic magnesiated nitrile that alkylates a range of 
alkyl halide (entries 1-6, 9, 10) and carbonyl electrophiles (entries 7-8). Acyclic and 
cyclic (2-pyridinethio)alkanenitriles exchange equally well (Table 4.4, entries 1-3 and 4-
10, respectively) and the reaction works well with alkenenitriles bearing 2-pyridinethio 
group on the adjacent sp
2
 center (Table 4.4, entry 12). Comparable exchange-
benzylations with the norbornene nitriles 11f and 11g afford the same carbonitrile 13h, 
indicating that the intermediate is configurationally labile. Presenting methyl 5-
chloropentanoate as an electrophile leads to selective attack on the ester to afford the 
oxonitrile 13n (Table 4.4, entry 8).  
Table 4.3 Sulfide-Magnesium Exchange-Alkylation 
 
 
Entry Sulfinylnitrile Electrophile Quaternary 
nitrile
[a]
 
Yield 
1 
 
 
 
91% 
2 
 
 
 
92% 
3 
 
 
 
87% 
4 
 
 
 
90% 
5 
 
 
 
92%[a] 
6 
   
86% 
7 
  
 
92% 
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8 
   
84% 
9 
 
 
 
82% 
10 
 
 
 
78% 
11 
 
 
 
% 
12 
 
 
 
% 
[a] The exchange was performed with BuLi.  [b] A 96% yield of butyl(2-pyridyl)sulfide was 
also isolated. 
 
 The facile pyridinethio-magnesium exchange stimulated a search for analogous 
processes with less reactive organometallics. Although BuZnCl.LiCl and Bu2Zn.LiCl do 
not react with 11e, a clean exchange occurs in 5 min at 0 °C with the zincate Bu3ZnLi.
148
 
An analogous exchange with Bu3ZnLi.LiCl did not proceed cleanly. The zincated nitrile 
intermediate smoothly alkylates propyl iodide and propylene oxide (Scheme 10). Despite 
there being scant evidence for arylthio-cuprate exchange, Bu2CuLi causes complete 
exchange within 5 min. at 0 °C. In a preparative experiment, trapping the copper 
intermediate with allyl bromide affords 13p very efficiently (Scheme 10). 
 
Scheme  6. Sulfide-zincate & sulfide-cuprate exchange. 
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4.6 Mechanism 
 Mechanistically, adding BuLi to the arylthioalkanenitrile could trigger an SN2 
type displacement passing through a tricoordinate sulfur as a transition state or as a 
discrete intermediate (Figure 4). Insight into the mechanism was obtained by acquiring 
13
C NMR spectra from a sample of 11c to which BuLi was added at -78 °C. Particularly 
revealing is the signal for the nitrile carbon because the chemical shift is diagnostic for 
the coordination mode: N-lithiated nitriles resonate downfield ( = 142-164)149 whereas 
C-metalated nitriles typically resonates upfield of  = 140.150 For 11c, the addition of 
BuLi generates a signal for the nitrile carbon at =128.9. The nitrile chemical shift is 
significantly different from that of lithiated cyclohexanecarbonitrile (=163.6)151 and is 
more consistent with the sulfidate structure 14c. The high yield in the sequential addition 
of BuLi and propyl iodide to 11c (Table 1, entry 8) implies that the sulfidate is quite 
nucleophilic despite being a sterically congested nucleophile. Alternatively, the sulfidate 
14c may be in equilibrium with a small fraction of the lithiated nitrile 15c from which 
alkylation occurs. 
 Assuming that the sulfidate 14c is in equilibrium with the N-lithiated nitrile 15c, 
then 14c should be accessible by adding butyl phenyl sulfide to 15c. Deprotonation of 
cyclohexanecarbonitrile with LDA affords the N-lithiated nitrile 15c with the diagnostic 
nitrile carbon signal at  = 164. Addition of butyl 2-pyridyl sulfide affords a species with 
a nitrile carbon 
13
C at  = 128.3, close to the normal range for neutral 
cyclohexanecarbonitriles  = 118 - 127.152 
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Figure 4. Sulfur-lithium exchange mechanism. 
 Further insight into the nature of the sulfide exchange intermediate was gleaned 
through exchange reactions with the norbornene carbonitrile diastereomers 11f and 11g 
(Table 1, entries 11 and 12). In each case, the sequential addition of BuLi and BnBr 
affords one diastereomer 13h. Convergence of both diastereomers to the same 
benzylnitrile 13h implies a lack of configurational stability, consistent with equilibration 
of a sulfidate through the corresponding lithiated nitrile. 
 A series of competitive sulfide exchanges were performed to determine the 
optimal arylthio substituent (Figure 5). One equivalent of BuLi was added to a -78 °C, 
THF solution containing one equivalent each of the two disulfides 11c/11d, 11c/11e, or 
11d/11e followed, after 1 minute, by saturated, aqueous NH4Cl. The exchange rate, 
determined from the ratio of the two disulfides,
153
 decreases in the order: pyridylsulfide 
11f, ortho-methoxyphenylsulfide 11e, phenylsulfide 11c. The faster exchange rate of 11f 
and 11e relative to 11c is primarily not due to electronic effects because 11f is electron-
deficient relative to 11c and 11e is electron-rich. Chelation of BuLi to the pyridine 
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nitrogen
154
 or the methoxy oxygen is a more likely source of the accelerated rates of 11f 
and 11e.  
 
Figure 5. Relative arylthioalkanenitrile exchange rates. 
4.7 Conclusion 
 -Arylthioalkanenitriles engage in a new class of exchange reactions. Addition of 
BuLi, i-PrMgCl, or Bu3MgLi to α-phenylthioalkanenitriles triggers a highly unusual 
phenylthio-metal exchange. NMR analyses identify the intermediates as sulfidate, though 
these species are likely to be in equilibrium with the corresponding lithiated nitriles. 
Alkylations proceed smoothly to provide a diverse range of quaternary nitriles in 
excellent yield. 
 The exchange tolerates a variety of functional groups and is effective with both 
sp
3
 hybridized -2-pyridinethioalkanenitriles and sp2 hybridized α-2-
pyridinethioalkenenitriles. 
 Collectively, the exchange reactions of -arylthioalkanenitriles address several 
long-standing challenges with metalated nitriles; selective access to N- or C-metalated 
nitriles, functional group tolerance, and the formation of tertiary nitriles without 
polyalkylation. -Arylthioalkanenitriles are readily synthesized by various strategies, and 
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are not prone to eliminate like their sulfinyl counterparts. The advantages of generating 
metalated nitriles from -arylthioalkanenitriles bode well for their widespread adoption. 
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CHAPTER 5  
SULFONE-METAL EXCHANGE OF SULFONYLNITRILES 
5.1 Introduction 
 Sulfones are versatile synthetic intermediates. The strong electron-withdrawing 
nature of the sulfonyl group stabilizes adjacent carbanions
155 
that function as nucleophiles 
in alkylations and Michael addition reactions.
156
 After having served their synthetic 
purpose, sulfonyl groups are easily removed. Mild reducing agents selectively cleave the 
sulfur-carbon bond of the sulfonyl group, leading to sulfur-free carbon scaffolds. 
Reductive desulfonylation is typically accomplished with active metals or salts sodium 
amalgam
157
, aluminium amalgam
158
, magnesium
159
, samarium(II) iodide
160
, tributyltin 
hydride
161
, or transition metal complexes in combination with reducing agents or 
nucleophiles e.g. PdCl2(dppp)/LiHBEt3, Pd(PPh3)4/LiHBEt3, 
Pd(PPh3)4/NaHC(CO2Et)2.
162
 Sequential condensation of a sulfonyl carbanion with an 
aldehyde, acetylation and reduction constitutes a powerful method of olefination.
163
  
 Sulfones are excellent directing groups for palladium catalyzed C-H olefination of 
arenes
164
, ortho-lithiation by organolithiums,
165
 and for chelation assisted nucleophilic 
aromatic substitution.
166
 Sulfone exerts a powerful polarization rendering the adjacent 
carbon electrophilic. Enolates can displace sulfones with C-S bond fission (Scheme 1).  
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Scheme 1. Sulfones as leaving groups.  
 
5.2 Background  
 Unlike the sulfinyl-metal exchange, there are fewer reports of sulfonyl-metal 
exchange. A lone example of a sulfonyl-magnesium exchange was reported in a patent.
167
 
The β-keto sulfone 8 engages in sulfonyl-copper exchange on treatment with Gilman 
cuprate. Reductive cleavage of the sulfone moiety generates the corresponding enolate 
which reacts with isoprenyl bromide to afford the diketone 9 (Eq. 1)
168
.  
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 A distinct advantage of a sulfonyl-metal exchange reaction of sulfonylnitriles is 
the commercial availability of phenylsulfonylactonitrile 10a and 2-
pyridylsulfonylacetonitrile 10b. Arylsulfonylacetonitriles (10) bear two acidic hydrogen 
atoms ideally suited for two sequential alkylations with mild base (10 → 11). 
Subsequently deploying the sulfonyl group as a latent nucleophile, by adding an 
organometallic 11 → 12a, permits a third alkylation to form quaternary nitriles 13 
(Scheme 2). 
 
Scheme  2. Sulfonyl-metal exchange strategy. 
 The proposed mechanism for the related sulfinyl-magnesium exchange of 
sulfinylnitriles proceeds by coordination of the Grignard to the sulfoxide 14 → 15 
(Scheme 3).
169
 Internal delivery of the alkyl group R
3
 from the Grignard to sulfur occurs 
through a backside attack at sulfur's open coordination site 15. Collapse of σ-sulfurane 16 
to the N-magnesiated nitriles 17 is followed by equilibration to the more stable C-
metalated nitrile 18. Alkylation of 18 affords 13.  
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Scheme  3. Sulfinyl-Magnesium Exchange 
 The challenge in developing a sulfonyl-metal exchange lies in achieving a 
nucleophilic attack on the tetra-coordinated sulfur. An appealing strategy to promote a 
sulfonyl-metal exchange is to incorporate a chelating group within the aromatic 
substituent (Scheme 3, 20). Assuming a slender nucleophile is able to attack the sulfur, 
anchoring the group through the aromatic ring substituent X should facilitate access to 
the metalated nitrile 21 (Scheme 3).  
  
Scheme 4. Chelation-assisted sulfonyl-metal exchange 
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5.3 Precursor Synthesis 
 Experimentally, the arylsulfonylacetonitriles 10a and 10b were sequentially 
alkylated with potassium carbonate in DMF. The facile double alkylation of the 
arylsulfonylacetonitriles 10a and 10b with 1,5-dibromopentane efficiently provides the 
arylsulfonylalkanenitriles 11a and 11b (Eq 2). The use of the mild base K2CO3 is 
particularly significant because of the functional group tolerance and the avoidance of the 
use of strong base usually required in nitrile alkylations.  
 
5.4 Sulfonyl-Metal Exchange 
 As a point of reference, the initial sulfonyl-metal exchange employed 
phenylsulfonylcylcohexanecarbonitrile 11a and BuLi (Scheme 5). Although 11a does not 
react with BuMgCl even after 12 h at rt, BuLi and Bu3MgLi triggered a facile cyclization 
to imine 23. Presumably, the sulfone directed an ortho-metalation to generate the 
organometallic 22 that undergoes rapid intramolecular nucleophilic addition to the 
proximal nitrile functionality. The resulting spiro[benzo[b]thiophene] 23 contains a 
pharmacophore present in a respiratory disease candidate
170
, an thickening inhibitory 
agent
171
 and an antioxidant under development for treating arteosclerosis and myocardial 
infarction.
172
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Scheme 5. Sulfone-assisted ortho-metalation of phenylsulfonylalkanenitrile. 
 
 The inability to achieve the sulfonyl-metal exchange on 11a focused attention on 
the 2-pyridylsulfonylalkanenitrile 11b. Conceptually, nitrogen complexation with the 
metal center in RM may simultaneously activate the sulfonylpyridine toward exchange 
by relaying an electron deficiency to sulfur while anchoring the nucleophile for an attack 
at the tetracoordinate sulfur
173
. Although 11b failed to exchange with BuMgCl at -78 
o
C, 
the more nucleophilic BuLi and Bu3MgLi gives complete exchange in 10 min at -78 
o
C.  
 Subjecting the six membered pyridylsulfonylcyclohexanecarbonitrile 11b to a 
series of exchange-alkylations with BuLi and Bu3MgLi efficiently promoted the 
corresponding quaternary nitriles (Table 5.1). Performing the exchange on 11b with BuLi 
and alkylating with benzyl bromide and allyl bromide affords the quaternary nitriles in 
high yield (Table 5.1 entries 1 and 2 respectively). Performing an exchange of 11b with 
Bu3MgLi and alkylating with benzyl bromide affords nitrile 13c in essentially the same 
yield as the exchange with BuLi. Using Bu3MgLi to initiate an exchange with the 5- or 7-
membered sulfonylnitriles 11c and 11d affords 13c and 13d in high yields. (Table 5.1, 
entries 4 and 5 respectively).  
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Table 5.1 Sulfonyl-metal exchange of quaternary sulfonylnitriles. 
 
 
Entry Sulfonylnitrile RM Electrophile 
Quaternary 
nitrile
[a]
 
Yield 
1 
 
BuLi  
 
86% 
2 
 
BuLi  
 
82% 
3 
 
Bu3MgLi  
 
84% 
4 
 
Bu3MgLi  
 
86% 
5 
 
Bu3MgLi  
 
88% 
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5.5 Crystal Structure of Sulfonylnitriles 
 
5.6 Conclusion 
 (2-Pyridyl)sulfonylalkanenitriles readily engage in sulfonyl-metal exchange with 
BuLi or Bu3MgLi. The successful exchange rests on incorporating a chelating group, the 
2-pyridyl substituent, to anchor the nucleophile for attack on the tetra-coordinate sulfone. 
The intermediate magnesiated nitriles are excellent nucleophiles that alkylate a range of 
electrophiles to form quaternary nitriles. 
 The sulfonyl-metal exchange strategy complements the analogous arylthio- and 
sulfinyl-exchange reactions. Sulfonylnitriles are not prone to eliminate unlike sterically 
congested sulfinylnitriles, are commercially available and contain two acidic methylene 
protons that are readily deprotonated by K2CO3. Performing two sequential alkylations 
with K2CO3 allows greater functional group tolerance and avoids the use of strong base 
required in most nitrile alkylations. 
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 The sulfonyl-metal exchange reactions of sulfonylnitriles represent the first 
general ArSO2-metal exchange. Activating the sulfonyl group through chelation 
demonstrates a potentially general strategy that carries advantages for accessing 
metalated nitriles and may prove beneficial in accessing organometallics in general. 
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CHAPTER 6  
COPPER-CATALYZED ARYLATION OF NITRILE AND COPPER 
CATALYZED ALKYLATION OF ALKENENITRILE 
 
6.1 Introduction  
 α-Arylacetonitriles are useful synthetic intermediates and represent a common 
pharmacophore in pharmaceuticals.
2
 α-Arylacetonitrile pharmaceuticals bear the nitrile 
on a quaternary carbon, which prevents oxidation to a cyanohydrin and thereby prevents 
cyanide release.2 Leading examples of α-arylacetonitrile pharmaceuticals include the 
anti-cancer agent anastrazole (1), used for treating estrogen-dependent breast cancer,
174
 
the H1-receptor antagonist, levocabastine (2), the calcium channel antagonist verapamil 
(3), used as an antiarrhythmic agent to treat angina, and cilomilast (4), a 
phosphodiesterase inhibitor (DPP4) used as an anti-inflammatory and antiasthmatic agent 
(Figure 1).  
 α-Aryl nitriles are valuable precursors to α-aryl amides and carboxylic acids. A 
nitrile hydrolysis is employed in the commercial synthesis of Ibuprofen.
175
 Complete 
reduction of arylacetonitriles generates α-arylamines176 whereas partial reduction or 
addition of Grignard reagents followed by hydrolysis affords ketones.
177
 α-Arylnitriles 
are also useful in the synthesis of heterocycles, such as thiazoles, oxazolines, tetrazoles, 
imidazoles, and triazoles.
178
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Figure 6.1 Selected examples of α-arylacetonitrile pharmaceuticals. 
 
6.2 Background 
 α-Arylacetonitriles are traditionally prepared by the cyanation of a benzylic 
halide,
179
 the photochemical cyanomethylation of arenes,
180
 the dehydration of amides,
181
 
or through an addition-elimination of nitrile-stabilized carbanions to aryl halides.
182
 
Although the methods carry different advantages and disadvantages, the challenge is to 
develop a mild and general method using readily accessible reagents.
183
  
 Pd-catalyzed coupling of metalated nitriles with aryl halides has emerged as a 
particularly attractive method.
184
  More recently, a Cu-catalyzed coupling of stabilized 
cyanoacetate anions with aryl halides has been developed.
185
 Copper is in many respects, 
an ideal transition metal for catalysis because of a relatively high biological tolerance and 
a modest cost.
186
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 The coupling of metalated nitriles with aryl halides is challenging for several 
reasons. Nitriles are significantly less acidic as compared to the corresponding carbonyl 
analogs.
187
 Strong bases must be used to generate metalated nitriles, which may interfere 
with catalyst intermediates because metalated nitriles are Lewis bases that irreversibly 
complex with transition metals. Metalated nitrile complexes undergo slower reductive 
elimination than complexes of enolates because of the strong inductive effect of the 
cyano substituent. Further complicating the binding of metalated nitriles to transition 
metals is coordination through nitrogen, carbon, or by bridging through the π-system.188 
Following reductive elimination, acetonitrile and primary nitriles can re-engage in the 
catalytic cycle forming diarylacetonitriles. The diarylation is facile because benzylic 
nitriles are more acidic than the parent alkanenitrile. The catalytic α-arylation of nitriles 
faces several challenges but has potential application in several fields. 
6.3 Catalyst Optimization 
 Initially the electron-deficient 4-iodobenzonitrile 6c and CuCN was employed in 
the catalyzed coupling. A control experiment of 5a with LDA and 6c gave approximately 
40% of 7c whereas the addition of CuCN afforded 7c in 90% yield in a very clean 
reaction. An analogous coupling of the alkanenitriles 5b gave arylnitrile 7d in excellent 
yield (Scheme 1). 
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Scheme 1. Coupling of alkanenitriles with 4-iodobenzonitrile. 
  The significant background reaction with 4-iodobenzonitrile stimulated a 
switch to 4-tert-butyl iodobenzene 6a. Exploratory coupling employed commercially 
available cyclohexanecarbonitrile 5a, 4-tert-butyl iodobenzene 6a and a variety of copper 
(I) ligand systems as catalysts (Eq 1). In the absence of a copper source no arylation 
product was observed (Table 6.1, entry 1). After a screening variety of copper salts, 
CuCN was selected as the best as copper (I) source for coupling reaction.  
 
Table 6.1 Screening sources for the arylation of 5a. 
 
Entry Copper Source Equiv. Yield (%) 
1 - 0 0 
2 CuI 0.1 6 
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3 CuCN 0.1 11 
4 CuBr 0.1 5 
5 CuBr.Me2S 0.1 7 
6 CuTC 0.1 4 
7 Cu(OTf)2 0.1 1 
8 [Cu(PPh3)2NO3]  0.1 6 
9 [Cu(PPh3)2Phen]NO3  
 
0.1 8 
 With CuCN as the standard copper source, several amine-based bidentate ligands 
known to coordinate with copper were screened as ligand (Figure 1). Electron-rich 
ligands gave a higher conversion than electron-deficient ligands (compare, L1 with L2 
and L3, and L4 with L5). Increasing the electron density by forming anionic ligands gave 
no improvement in the arylation yields (Ligands L6 through L9). C2-symmetric 
bis(oxazoline) ligands performed poorly, perhaps owing to their steric bulk (ligand L11 
through L14).  
 
Figure 6.2 Influence of ligand on arylation conversion. 
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Figure 6.3 Ligands used to probe to the scope of Cu (I)-catalyzed arylation of 
nitriles. 
 
6.4 Arylation 
 
 Further optimization has focussed on the coupling of 4-iodoanisole 6b with 5a 
because electron-rich arenes are more difficult coupling partners. Any catalyst able to 
couple 6b is expected to give high yields with 4-tert-butyl iodobenzene 6a. The reaction 
of 5a with 4-iodoanisole 6b gave only 12% of the coupled nitriles 7b using CuCN as 
catalyst. Switching to the phenanthroline catalyst [Cu(PPh3)2Phen]NO3
189
 significantly 
improved the yield. Suspecting that phenanthroline significantly aided the reaction, 4-
iodoanisole 6b was premixed with CuCN and 1,10-phenanthroline and then added to a  
solution of the N-lithiated nitrile. The outcome was dramatically improved and the 
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reaction gave 63% yield of arylated nitrile 7b. Increasing the reaction time from 12 h to 
48 h, yield was improved to 70%. 
 
 
 
  
6.5 Mechanism 
 Three distinct mechanisms can be envisioned for the coupling. Lithiated nitriles 
react with copper (I) salts to form C-cuprated nitriles that alkylate a range of π-
electrophiles.
190
 Conceptually, an analogous transmetallation of lithiated nitrile 8 with 
copper complex 9 would form the C-cuprated nitrile 10. Oxidative addition of 10 into the 
aryl iodide would afford the copper (III) complex 11 from which reductive elimination 
would generate the observed arylacetonitrile 7 and regenerate the copper catalyst. 
 Procedurally, the best addition order was to add the copper catalyst to the aryl 
iodide suggesting that the first step is formation of copper (III) complex 12. 
Transmetalation with lithiated nitrile 8 would afford 11. Differentiating between the two 
mechanisms must await further experiments. 
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Scheme  1. Mechanism of Cu (I) catalyzed arylation of nitriles. 
 
 
 Mechanistically, the arylation could also proceed through a radical mechanism. 
Homolytic cleavage of the aryl halide may occur by oxidation of the copper (I) complex 
9 generating the aryl radical 13 and the copper (II) complex 15. Subsequent reduction of 
the Cu(II)X 15 by the metalated nitrile 8 would regenerate the copper (I) complex 9 and 
the stablized cyanoalkyl radical 14. Radical-radical coupling of the cyanoalkyl radical 14 
and the aryl radical 13 would give aryl nitrile 7 (Scheme 2). The formation fo the aryl 
dimer formed by radical-radical coupling of 13 is consistent with the mechanism.  
 90 
 
Scheme  2 Radical mechanism of Cu (I) catalyzed arylation of nitriles. 
6.6 Alkylation 
 Alkylation of conjugated enolates is an important C-C bond formation reaction.
191
 
The deconjugative alkylation of alkenenitriles is problematic. Treating 
cyclohexenecarbonitrile with LDA affords only polymeric nitriles resulting from the 
Michael addition of the lithiated nitrile to the starting alkenenitrile.
192
 In the presence of 
HMPA, LDA can deprotonate cyclohexenecarbnonitrile in an efficient alkylation.
192
 
Alternatively, deprotonating with TMPZnCl.LiCl in presence of Pd(OAc)2 and SPhos, 
allows an efficient γ-arylation or alkenylation.193  
 The alkylation of alkenenitriles with carbonyl compounds, epoxides and alkyl 
halides remains a challenge. Exploratory alkylations of 1-cyclohexenecarbonitrile 16 
employed stoichiometric methyl copper. Optimization identified catalytic CuCN and 
LDA as the ideal combination for fast, efficient alkylation (Table 6.2). Using the 
optimized procedure allows an extremely clean alkylation with a variety of alkyl halides 
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(Table 6.1 entries 1-2), an epoxide (Table 6.1, entry 3), carbonyl electrophiles (Table 1, 
entries 4-6) and an arylation with  4-iodobenzontirile (Table 6.1, entry 7). 
Table 6.2 CuCN catalyzed alkylation of alkenenitriles. 
 
 
 
Entry Alkenenitrile Electrophile Alkenenitrile Yield 
 
1 
 
 
 
98% 
 
2 
 
 
 
88% 
 
3 
 
 
 
92% 
 
4 
 
 
 
91% 
 
5 
 
 
 
90%
 
 
6 
 
 
 
91% 
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7 
 
 
 
94% 
 
6.7 Conclusion 
 
 Cuprated nitriles exhibit a range of unprecedented reactivities. In combination 
with diamine ligands, lithiated nitriles can couple with aryl iodides to form 
arylacetonitriles. The preliminary results show excellent potential and offer an alternative 
to related palladium arylations. 
 The Cu-catalyzed alkylation of alkenenitriles provides a powerful method of 
generating α-substituted alkenenitriles. The strategy avoids polymerization often 
encountered in these reactions and complements the palladium-catalyzed γ-alkylation and 
γ-arylation of alkenenitriles. Collectively the new alkylation modes of cuprated nitriles 
significantly expand the role of metalated nitriles as synthetic nucleophiles.  
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CHAPTER 7  
CHEMOSELECTIVE ALKYLATION OF METALATED NITRILES 
7.1 Introduction 
 Chemoselectivity is “the preferential reaction of a chemical reagent with one of 
two or more different functional groups”.194 This IUPAC definition describes in rather 
understated terms, the single greatest obstacle to complex molecule synthesis. Indeed, 
efforts to synthesize complex natural products and drugs often become challenging 
because of a lack chemoselective control.
195
 Chemoselective reagents and reactive 
intermediates can potentially open new strategies such as protecting group-free 
syntheses.
196
 Improved chemoselectivity can reduce synthetic steps and cost by 
improving the overall efficiently of a synthetic campaign.  
Two examples illustrate the significance of chemoselectivity in organic synthesis. The 
synthesis of the 4,5-difunctionalized uracils 3 features a chemo- and regioselective 
bromine-magnesium exchange-alkylation reaction on 4,5dibromo-2,6-
dimethoxypyrimidines 1 to afford 2 (Scheme 1).
197
  Subsequent hydrolysis of 2 affords 3. 
The method was applied to the synthesis of the pharmaceuticals oxypurinol and 
emivirine. 
Scheme 1. Chemoselective Functionalization of Uracil Derivatives. 
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 ω-Nitro-α,β,ψ,ω-unsaturated ester 4 reacts chemoselectively with aryllithium 5 in 
a conjugate addition of a nitroolefin moiety that triggers a by second conjugate addition 
of the nitro-stabilized anion to the enoate. The resulting ester 6 was reduced to ultimately 
afford the α- and β-lycoranes 7.198 
Scheme 2. Chemoselective Michael addition route to total synthesis of lycoranes. 
7.2 Background 
 Lithium diisopropylamide deprotonates alkanenitriles85 to afford planar N-lithiated 
nitriles.199 Structurally distinct C-metalated nitriles can be accessed through Grignard- or 
alkylcopper-induced halogen-metal exchange reactions with α-chloro,200 α-bromo,201 and 
α-iodonitriles or sulfinylnitriles.89,126 For example, LDA induced deprotonation of 
cyclohexane carbonitrile 9a affords the N-lithiated nitrile 10 (Scheme 3), whereas 
Me2CuLi triggers a bromine-copper exchange with 9b to afford C-cuprated nitriles 12. 
Selective access to N- or C-metalated nitriles is important because the coordination mode 
can dictate different alkylation chemo- and regioselectivities (Scheme 3, compare 9a → 
11a, to 9b → 11b). 
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Scheme 3. Chemodivergent alkylations of N- and C-metalated nitriles. 
 
7.3 Chemoselective alkylation 
 Exchange-based syntheses of N- and C-metalated nitriles provide complete 
control over the nature of the metal cation. Compared to the lithium diisopropylamide 
deprotonation, sulfinyl-lithium
202
, sulfide-lithium, sulfonyl-lithium and halogen-lithium 
exchange
203
 generate lithiated nitriles in the absence of diisopropylamine, a species that 
may act as a ligand for lithium. Ligand-metal combinations not only dictate the structural 
preference for C- or N-metalation but moderate the Lewis acidity of the metal center.  
 Conceptually tuning the metal in metalated nitriles may allow selective alkylation 
with a doubly functionalized electrophile (Scheme 4). Specially, chemoselective 
alkylation of the C-magnesiated nitrile 14 with X
1
 of the bis-electrophile 16 would afford 
17 whereas the chemoselective alkylation of the N-metalated nitrile 15 with X
2
 in 16 
would afford 18. 
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Scheme 4. Chemoselective alkyaltion of N- and C-Metalated nitriles 
 The possibility of achieving a chemoselective alkylation with metalated nitriles 
was first probed by separately alkylating the magnesiated nitrile 14 or the lithiated nitrile 
15 with a 1:1 mixture of two different electrophiles (Table 1). The N-lithiated nitrile 15 
was prepared by deprotonation of 9a with LDA whereas the C-magnesiated nitrile was 
generated through a sulfinyl-magnesium exchange with i-PrMgCl and 9c. Exploratory 
alkylations provided ratios that revealed a general preference of magnesiated nitriles to 
react with oxygenated electrophiles. 
Table 7.1 Chemoselective alkylation of metalated nitriles with 1:1 electrophiles 
mixture. 
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Entry Electrophile Alkylation of C-
Magnesiated Nitriles 14a 
Alkylation of N-
lithiated Nitriles 15a 
1 
 
 
 
 
2 
 
 
 
 
3 
 
  
4 
 
 
 
5 
 
 
 
6 
  
 
7 
 
  
8 
 
 
 
 
 
9  
 
 
 
 
10 
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 Complete discrimination was found in the alkylations of 14a and 15a with a 
mixture of methyl cyanoformate and benzyl bromide (Table 1, entry 1). The equimolar 
mixture of methyl pentafluorobenzoate and benzyl bromide alkylate with complete 
chemoselectivity (Table 1, entry 2). The combination of methyl cyanoformate and 
benzylidene malononitrile showed little discrimination in reactions with 14a or 15a 
(Table 1, entry 3). The magnesiated nitrile 14a reacts preferentially with methyl 
cyanoformate when exposed to a combination of methyl cyanoformate and 
cinnamonitrile, whereas the lithiated nitrile 15a reacts non-selectively (Table 1, entry 4). 
In competitive alkylations of ester or lactone functionality with alkyl halides, the lithiated 
nitriles show a preference to react with the alkyl halides. The magnesiated nitrile 
primarily reacts with the alkyl halide but exhibits a greater preference for the carbonyl 
electrophiles than that exerted by the lithiated nitrile (Table 1, entries 5-7). Decreasing 
the electrophilicity of the oxygen-containing electrophile from a carbonyl group to the 
epoxide allowed a selective alkylation reaction with a mixture of propylene oxide and 
benzyl bromide (Table 1, entry 8). The alkylation with the magnesiated nitrile becomes 
chemoselective as the alkyl halide changes from the more reactive allyl and benzyl 
bromide to the less reactive propyl iodide (Table 1 entry 10).  
 The chemoselective alkylations of lithiated and magnesiated nitriles 15a and 14a 
in the reaction with methyl cyanoformate/benzyl bromide mixture has been invaluable in 
providing a standard set of electrophiles to check selectivity. In a preparatory alkylation, 
the lithiated nitrile derived by deprotonating cyclohexanecarbonitrile with LDA affords 
the benzyl nitrile 11d in 98% yield (Scheme 5). Generating the analogous lithiated nitrile 
through a sulfinyl-lithium exchange with 9c, affords the same benzyl nitrile 11d in 
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essentially the same yield. Collectively these alkylations demonstrate that there is no 
influence of diisopropylamine on the chemoselectivity (Scheme 5). 
  
Scheme 5. Chemoselective alkylation of N-lithiated nitriles. 
 A point of reference for the magnesiated nitrile alkylations was established in a 
preparatory alkylation (Scheme 6). Addition of i-PrMgCl to the sulfinylnitrile 9c 
followed by a 1:1 mixture of methyl cyanoformate and benzyl bromide affords 
cyanoester 11c in 96% yield. Essentially the same outcome is achieved by deprotonating 
9a with LDA and transmetallating with MgBr2.THF prior to addition of the electrophilic 
mixture (condition B). Alternately, deprotonating 9a with LDA followed by addition of   
i-PrMgCl also afford 11c indicating that magnesiated nitrile was generated as the reactive 
intermediate (condition C). These alkylations are particularly valuable because 
complimentary syntheses of magnesiated nitriles can be employed to access the same 
magnesiated nitrile. 
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Scheme 6. Chemoselective alkylation of C-Magnesiated nitriles. 
 Chemoselective alkylations of bis-electrophiles have proven to be particularly 
challenging. 2-Cyclohexenone 19 reacts chemoselectively with the N-lithiated nitrile 15a 
affords the ketonitrile 11q whereas the magnesiated nitrile 14a generates hydroxynitriles 
11p (Table 2, entry 1). Equilibration experiments demonstrate that the chemoselectivity 
is due to an equilibration in the case of the lithiated nitrile. Presumably the strong internal 
complexation of the magnesiated nitrile prevents equilibration.
204
  
 Currently the bromoepoxide 20 is the only bis-electrophile that exhibits an 
exclusive changeover in chemoselectivity with the N-lithiated and C-magnesiated nitriles. 
The N-lithiated nitrile 15a reacts at the alkyl bromide to afford 11s whereas the C-
magnesiated nitrile 14a reacts at the epoxide group to form 11r (Table 2, entry 2). The 
magnesiated nitriles 14a  reacts with arylepoxide 21 to afford a mixture of two products, 
presumably because the aromatic ring increases the electrophilicity of the both 
electrophilic centers (Table 2, entry 3). The ester and carbonyl electrophiles 22-25 show 
no chemoselectivity (Table 2, entries 4-7). The challenge appears to be to separate the 
two electrophiles so that one does not activate the other. 
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Table 7.2 Chemoselective alkylation of metalated nitriles with bis-electrophiles 
Entry Substrate Bis-electrophile Alkylation of C-
magnesiated Nitriles 14a 
Alkylation of N-
lithiated Nitriles 15a 
1 
  
 
 
 
2 
 
 
 
 
 
3 
 
 
  
4 
 
 
  
5 
 
 
  
6 
 
 
  
7 
 
 
  
 
7.4 Crossover experiment 
 The chemoselective alkylations stimulated a crossover experiment to probe the 
structural integrity of N-lithiated and C-magnesiated nitriles (Scheme 7). A solution of 
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the C-magnesiated nitrile 15a derived by the sulfinyl-magnesium exchange of 9c was 
mixed with the N-lithiated nitrile 15b obtained through a sulfinyl-lithium exchange with 
9d. The reaction was allowed to stir at -78 
o
C for 15 min and then a mixture of benzyl 
bromide and methyl cyanoformate (2 equiv each) was added. Alkylation afforded only 
the esters 11c and 11z. 
 
Scheme 7. Crossover experiment. 
 The selective formation of esters from the admixture of lithiated nitrile 15b with 
the magnesiated nitrile 15a requires a transmetallation of the lithiated nitrile and 
formation of dicyanoalkylmagnesium species. NMR analyses indicate that admixing a 
lithiated and magnesiated nitrile generates a dicyanoalkylmagnesium. Deprotonating 
cyclohexanecarbonitrile 9a with LDA generates the lithiated nitrile 26 which exhibited 
the distinctive downfield signal for the nitrile carbon at δ = 164.8. Addition of BuMgCl 
to the solution moves the resonance for the nitrile carbon to 129.6 ppm, indicative of a C-
magnesiated nitrile 27.
205
 Addition of an equimolar solution of lithiated nitrile 26 to the 
magnesiated nitrile 27 generates a solution with only one 
13
C NMR signal for the nitrile 
carbon δ = 129.1. The slight shift from δ = 129.6 to δ = 129.1 suggests that the 
dicyanoalkylmagnesium 28 was formed (Figure 7.1).  
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Figure 7.1 
13
C-NMR of N-lithiated, C-magnesiated and dicyanoalkylmagnesium. 
 
 
   
 
7.5 Chemoselectivity model 
 The origin of the chemoselective alkylation likely resides in the structural 
differences between N-lithiated and C-magnesiated nitriles. N-lithiated nitriles have the 
lithium strongly chelated to the nitrile nitrogen. The nucleophilic carbon is likely best 
matched for an orbitally controlled alkylation with alkyl halides. Reactive carbonyl 
electrophiles such as methyl cyanoformate, bear a more electrophilic carbon with an 
electrostatic attraction to the electropositive lithium. Complexation of methyl 
cyanoformate, as depicted in 29 (Scheme 8), anchors the electrophile distal to the 
nucleophilic carbon. An intermolecular alkylation is disfavored because of a poor orbital 
match (Scheme 8). C-Magnesiated nitriles such as 27 likely coordinate to the oxygen 
atom of the electrophile bringing the electrophile close to the nucleophilic center 28. The 
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increased electron density on magnesium may favour scission of the weak C-Mg bond to 
form a reactive, nitrile-stabilized carbanion with an ideal electrostatic attraction to the 
complexed electrophile 28.  
 The preference for alkylating oxygenated electrophiles does not preclude C-
magnesiated nitriles from alkylations with alkyl halides. In magnesiated nitriles, 
magnesium prefers coordination to carbon but has minimal configurational stability 
presumably because of equilibration through a conducted tour mechanism involving N-
magnesiation, although an ion exchange mechanism cannot be discounted.
206
  
Presumably the facile alkylation of magnesiated nitriles with alkyl halides occurs via N-
magnesiated nitriles. 
  
Scheme 8. Chemoselectivity Preference of N- and C-Metalated Nitriles. 
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7.6 Conclusion 
 N- and C-metalated nitriles exhibit profound chemoselectivity differences. In 
comparable alkylations, N-lithiated nitriles prefer to react with alkyl halides whereas C-
magnesiated nitriles preferentially alkylate oxygenated electrophiles. The finding is 
particularly significant because similar reactions are not possible with enolate 
counterparts. The highly unusual chemoselectivity is a reflection of different solution 
structures of N-lithiated and C-magnesiated nitriles. 
 The tentative explanation for the chemodivergent alkylation rests on 
complexation of magnesiated nitriles with oxygen-containing electrophiles. 
Complexation likely facilitates cleavage of the carbon magnesium bond which forms an 
electron rich nucleophile in close proximity to a highly electrophilic carbonyl. 
Subsequent bond formation is driven by an electrostatic attraction. The lithium center of 
lithiated nitriles retains the coordination with the nitrile nitrogen, favoring alkylation with 
electrophiles having the best polarization match for an orbital-controlled alkylation. 
 The chemoselective alkylations of N- and C-metalated nitriles provide a 
conceptually new approach to nitrile alkylations. Alkylations with bis-electrophiles 
should allow two sequential alkylations without recourse to protecting groups. Fragment 
assembly is expected to be faster and allow greater diversity. Collectively, the structural 
insight and chemoselectivity bode well for the exploitation of the chemistry in diverse 
synthetic campaigns. 
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EXPERIMENTAL 
8.1 Sulfinyl-Metal Exchange 
 
1-(Phenylsulfinyl)cyclopropanecarbonitrile (12a): A THF solution of 
cyclopropane carbonitrile (500 mg, 7.46 mmol) was added to a -78 °C, THF 
solution of LDA (8.21 mmol). After 45 min neat methyl phenylsulfinate (1.16 g, 7.463 
mmol) was added drop wise and then the reaction was allowed to warm to room 
temperature. After 3 h, saturated, aqueous NH4Cl was added, the organic layer was 
separated, and then the aqueous layer was extracted with EtOAc (3 x 15 mL). The 
combined organic extract was washed with brine, dried (Na2SO4), and concentrated to 
afford a crude product that was purified by flash column chromatography (1:10 hexanes: 
ethyl acetate) to afford 1.03 g (72%) of pure 12a as a white crystalline solid (m.p. 61-63 
°C): IR (film) 3054, 2209 cm
-1
;  
1
H NMR (400 MHz, CDCl3) δ 7.82 – 7.62 (m, 2H), 
7.59-7.51 (m, 3H), 1.65 (td, J = 8.8, 4.9 Hz, 1H), 1.61 – 1.47 (m, 2H), 1.36 (td, J = 8.5, 
4.9 Hz, 1H); 
13
C NMR (100 MHz, CDCl3) δ 141.19, 132.44, 129.37, 124.30, 116.66, 
30.42, 12.84, 9.73. HRMS (EI) calcd. for (M+H
+
), C10H9NOS+H
+
 192.0483, found 
192.0470. 
 
1-(Phenylthio)cyclobutanecarbonitrile (i): A THF solution of cyclobutane 
carbonitrile (500 mg, 6.17 mmol) was added to a -78 °C, THF solution of LDA 
(6.79 mmol). After 45 min THF solution of diphenyl disulfide (1.34 g, 7.46 mmol) was 
added drop wise and then the reaction was allowed to warm to room temperature. After 3 
h, saturated, aqueous NH4Cl was added, the organic layer was separated, and then the 
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aqueous layer was extracted with EtOAc (3 x 15 mL). The combined organic extract was 
washed with brine, dried (Na2SO4), and concentrated to afford a crude product that was 
purified by flash column chromatography (1:10 hexanes: ethyl acetate) to afford 1.05 g 
(90%) of pure i as an oil:
207
 IR (film) 3078, 2218 cm
-1
;  
1
H NMR (400 MHz, CDCl3) δ 
7.63 – 7.55 (m, 2H), 7.42-7.37 (m, 3H), 2.77 – 2.62 (m, 2H), 2.43 – 2.30 (m, 3H), 2.23 – 
2.10 (m, 1H); 
13
C NMR (100 MHz, CDCl3) δ 134.40, 131.01, 129.43, 129.41, 129.32, 
129.30, 121.92, 40.37, 34.08, 17.15; HRMS(EI) calcd for (M
+
), C11H11NSNa
+ 
212.0504, 
found  212.0518. 
 
1-(Phenylsulfinyl)cyclobutanecarbonitrile (12b): A dichloromethane 
solution (20 mL) of 1-(phenylthio)cyclobutanecarbonitrile (i) (500 mg, 2.44 
mmol) was added to a dichloromethane solution of m-chloroperbenzoic acid (m-CPBA, 
2.68 mmol) at -78 °C. After the reaction was complete, as gauged by TLC analysis 
(typically 5 min), the cold reaction mixture was poured into a separately funnel 
containing 100 mL of 10% aqueous sodium sulfite solution. The organic layer was 
separated, washed twice with saturated sodium bicarbonate solution, dried (Na2SO4), and 
concentrated in vacuo to yield 542 mg (100%) of 12b as pale yellow oil: IR (film) 3060, 
2233 cm
-1
;  
1
H NMR (400 MHz, CDCl3): δ 1.97-2.06 (m, 2H), 2.22-2.28 (m, 1H), 2.51-
2.54 (m, 1H), 2.79-2.88 (m, 2H), 7.52-7.58 (m, 3H), 7.70-7.73 (m, 2H); 
13
C NMR (100 
MHz, CDCl3) δ 138.70, 132.46, 129.11, 124.97, 118.37, 55.61, 27.80, 23.72, 16.17. 
HRMS(EI) calcd for (M+H
+
), C11H11NSO+H
+ 
206.0640, found 206.0646.  
 
1-(Phenylthio)cyclopentanecarbonitrile (ii): A THF solution of cyclopentane 
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carbonitrile (500 mg, 6.17 mmol) was added to a -78 °C, THF solution of LDA (6.79 
mmol). After 45 min THF solution of diphenyl disulfide (1.34 g, 7.46 mmol) was added 
drop wise and then the reaction was allowed to warm to room temperature. After 3 h, 
saturated, aqueous NH4Cl was added, the organic layer was separated, and then the 
aqueous layer was extracted with EtOAc (3 x 15 mL). The combined organic extract was 
washed with brine, dried (Na2SO4), and concentrated to afford a crude product that was 
purified by flash column chromatography (1:10 hexanes: ethyl acetate) to afford 1.05 g 
(90%) of pure ii as an oil:
207
 IR (film) 3054, 2219 cm
-1
; 
1
H NMR (400 MHz, CDCl3) δ 
7.72 – 7.64 (m, 2H), 7.46 – 7.36 (m, 3H), 2.19-2.11 (m, 2H), 2.05 – 1.90 (m, 4H), 1.83 
(ddt, J = 14.2, 10.3, 4.3 Hz, 2H); 
13
C NMR (100 MHz, CDCl3) δ 135.98, 130.93, 129.97, 
129.27, 122.63, 48.42, 39.03, 23.84.  
  
1-(Phenylsulfinyl)cyclopentanecarbonitrile (12c): A dichloromethane 
solution of 1-(phenylthio)cyclopentanecarbonitrile (ii) (500 mg, 2.44 mmol) 
was added to a dichloromethane solution of m-CPBA (2.68 mmol) at -78 °C. After the 
reaction was complete, as gauged by TLC analysis (typically 5 min), the cold reaction 
mixture was poured into a separatory funnel containing 100 mL of 10% aqueous sodium 
sulfite solution. The organic layer was separated, washed twice with saturated sodium 
bicarbonate solution, dried (Na2SO4), and concentrated in vacuo to yield 542 mg (100%) 
of 12c as pale yellow oil: IR (film) 3069, 2234 cm
-1
;
 1
H NMR (400 MHz, CDCl3) δ 7.86 
– 7.64 (m, 2H), 7.61 – 7.49 (m, 3H), 2.48 – 2.32 (m, 1H), 2.26 – 2.05 (m, 2H), 1.95 – 
1.73 (m, 5H);
 13
C NMR (100 MHz, CDCl3) δ 139.64, 132.59, 129.03, 125.49, 119.06, 
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63.72, 34.44, 31.55, 25.55, 25.02; HRMS(EI) calcd for (M
+
), C12H13NSONa
+ 
242.0610, 
found 242.0619.  
 
1-(Phenylsulfinyl)cyclohexanecarbonitrile (12d): (A) LDA Mediated 
Alkylation: A THF solution of cyclohexanecarbonitrile (200 mg, 1.835 mmol) 
was added to a -78 °C, THF solution of LDA (1.1 equiv.). After 45 min, neat methyl 
phenylsulfinate (286 mg, 1.835 mmol) was added drop wise and then the reaction was 
allowed to warm to room temperature. After 3 h, saturated, aqueous NH4Cl was added, 
the organic layer was separated, and then the aqueous layer was extracted with EtOAc (3 
x 15 mL). The combined organic extract was washed with brine, dried (Na2SO4), and 
concentrated to afford a crude product that was purified by flash column chromatography 
(1:10 hexanes: ethyl acetate) to afford 410.5 mg (96%) of pure 12d as a white crystalline 
solid (m.p. 99-101 °C): IR (film) 3058, 2243, 1048 cm
-1
; 
1
H NMR (500 MHz, CDCl3) δ 
7.74 (d, J = 7.1 Hz, 2H), 7.62-7.54 (m3H), 2.02 – 1.70 (m, 7H), 1.57 (dq, J = 26.7, 11.4, 
10.2 Hz, 2H), 1.30 – 1.16 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 138.17, 132.68, 
129.03, 126.07, 117.56, 61.57, 30.53, 27.34, 24.48, 23.10, 22.89; HRMS(EI) calcd. for 
(M+H
+
), C13H15NOS+H
+
 234.0947, found 234.0937. 
 
(B) Cs2CO3 Mediated Alkylation: Neat phenylsulfinylacetonitrile (11a, 100 mg, 0.61 
mmol) was added to a THF solution (10 mL) of Cs2CO3 (414.6 mg, 2.1 equiv.). After 5 
min neat 1,5-dibromopentane (140 mg, 1.0 equiv.) was added and then the reaction was 
heated to reflux. After 6 h, the reaction was cooled to room temperature, saturated, 
aqueous NH4Cl was added, the organic layer was separated, and then the aqueous layer 
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was extracted with EtOAc (3 x 15 mL). The combined organic extract was washed with 
brine, dried (Na2SO4), and concentrated to afford a crude product that was purified by 
radial chromatography (1:10 hexanes: ethyl acetate) to afford 121 mg (86%) of pure 12d 
as pale yellow crystalline solid. 
 
(C) NaH Mediated Alkylation: Neat phenylsulfinylacetonitrile (11a, 100 mg, 0.61 
mmol) was added to a rt, DMF solution (10 mL) of NaH (30.5 mg, 2.1 equiv.). After 5 
min neat 1,5-dibromopentane (140 mg, 1.0 equiv.) was added. After 12 h, saturated, 
aqueous NH4Cl was added, the organic layer was separated, and then the aqueous layer 
was extracted with EtOAc (3 x 15 mL). The combined organic extract was washed with 
brine, dried (Na2SO4), and concentrated to afford a crude product that was purified by 
radial chromatography (1:10 hexanes: ethyl acetate) to afford 88.9 mg (63%) of pure 12d 
as white crystalline solid. 
 
(1RS, 2SR, 4RS) and (1SR, 2SR, 4RS)-2-
(Phenylsulfinyl)bicyclo[2.2.1]hept-5-ene-2-carbonitrile (12e)
208
: A THF 
solution (10mL) of 5-norbornene-2-carbonitrile (500 mg, 4.20 mmol) was added to a -78 
°C, THF solution (40mL) of LDA (4.62 mmol). After 45 min neat methyl phenylsulfinate 
(655 mg, 4.20 mmol) was added drop wise and then the reaction was allowed to warm to 
room temperature. After 3 h, saturated, aqueous NH4Cl was added, the organic layer was 
separated, and then the aqueous layer was extracted with EtOAc (3 x 15 mL). The 
combined organic extract was washed with brine, dried (Na2SO4), and concentrated to 
afford a crude product that was purified by flash column chromatography (1:10 hexanes: 
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ethyl acetate) to afford 837 mg (82%) of an 15:1 ratio of diastereomers 12e as white 
crystalline solid spectrally identical to material previously synthesized.
209
 
1
H NMR (400 
MHz, CDCl3) δ 7.96 – 7.66 (m, 2H), 7.65 – 7.29 (m, 3H), 6.63 – 6.11 (m, 2H), 3.79 – 
3.48 (m, 1H), 3.29 – 3.03 (m, 1H), 2.99 – 1.89 (m, 2H), 1.88 – 1.55 (m, 1H), 1.52 – 1.10 
(m, 1H). 
13
C NMR (100 MHz, CDCl3) δ 141.75, 140.55, 139.83, 139.75, 134.10, 132.76, 
132.63, 132.16, 129.30, 129.23, 129.15, 125.84, 125.78, 125.58, 125.23, 118.69, 118.01, 
67.68, 66.28, 51.90, 48.88, 48.72, 45.68, 43.26, 42.68, 35.94, 34.64.  
 
2-Methyl-2-(phenylsulfinyl)butanenitrile (12f): A THF solution (10 mL) of 
2-methylbutanenitrile (200 mg, 2.41 mmol) was added to a -78 °C, THF 
solution (10 mL) of LDA (2.65 mmol). After 45 min neat methyl phenylsulfinate (376 
mg, 2.409 mmol) was added drop wise and then the reaction was allowed to warm to 
room temperature. After 3 h, saturated, aqueous NH4Cl was added, the organic layer was 
separated, and then the aqueous layer was extracted with EtOAc (3 x 15 mL). The 
combined organic extract was washed with brine, dried (Na2SO4), and concentrated to 
afford a crude product that was purified by flash column chromatography (1:10 hexanes: 
ethyl acetate) to afford 379 mg (76%) of pure 12f as pale yellow oil: IR (film) 3056, 2209 
cm
-1
;  
1
H NMR (400 MHz, CDCl3) δ 7.84 – 7.68 (m, 2H), 7.58 (td, J = 6.0, 5.2, 3.1 Hz, 
3H), 2.05 (dq, J = 14.6, 7.4 Hz, 1H), 1.85 (dq, J = 14.6, 7.4 Hz, 1H), 1.31 (s, 3H), 1.26 (t, 
J = 7.4 Hz, 3H); 
13
C NMR (100 MHz, CDCl3) δ 138.35, 132.62, 129.06, 126.09, 118.25, 
59.85, 28.19, 15.07, 9.61. HRMS(ESI) calcd for (M+H
+
), C11H14NOS
+
 208.0796, found 
208.0781.  
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 2-Methyl-2-(phenylsulfinyl)propanenitrile (12g): A THF solution (10mL) 
of 2-methylpropionitrile (200 mg, 3.64 mmol) was added to a -78 °C, THF 
solution (20 mL) of LDA (2.46 mmol). After 45 min neat methyl phenylsulfinate (568 
mg, 3.64 mmol) was added drop wise and then the reaction was allowed to warm to room 
temperature. After 3 h, saturated, aqueous NH4Cl was added, the organic layer was 
separated, and then the aqueous layer was extracted with EtOAc (3 x 15 mL). The 
combined organic extract was washed with brine, dried (Na2SO4), and concentrated to 
afford a crude product that was purified by flash column chromatography (1:10 hexanes: 
ethyl acetate) to afford 554 mg (79%) of pure 12g as yellow crystals (m.p. 61-63 °C): IR 
(film) 3060, 2233 cm
-1
;  
1
H NMR (500 MHz, CDCl3) δ 7.74 (d, J = 7.1 Hz, 2H), 7.65 – 
7.50 (m, 3H), 1.60 (s, 3H), 1.46 (s, 3H); 
13
C NMR (125 MHz, CDCl3) δ 138.71, 132.82, 
129.07, 125.96, 118.80, 54.53, 21.88, 18.58. HRMS(EI) calcd for (M+H
+
) C10H12NOS
+ 
194.0634, found 194.0626.  
 
 3-Phenyl-2-(phenylthio)propanenitrile (iii): A THF solution (10 mL) of 2-
(phenylthio)acetonitrile (500 mg, 3.36 mmol) was added to a -78 °C, THF 
solution (40 mL) of BuLi (3.70 mmol). After 30 min neat benzyl bromide (286 mg, 1.68 
mmol) was quickly added. After 1 h, saturated, aqueous NH4Cl was added to the cold 
reaction mixture, the organic layer was separated, and then the aqueous layer was 
extracted with EtOAc (3 x 15 mL). The combined organic extract was washed with brine, 
dried (Na2SO4), and concentrated to afford a crude product that was purified by flash 
column chromatography (1:10 hexanes: ethyl acetate) to afford 400 mg (50%) of pure iii 
as an oil:
210
 IR (film) 3062, 2236 cm
-1
; 
1
H NMR (400 MHz, CDCl3) δ 7.69 – 7.57 (m, 
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2H), 7.47 – 7.25 (m, 8H), 3.90 (dd, J = 12.4, 6.8 Hz, 1H), 3.13 (qd, J = 12.4, 6.8 Hz, 2H); 
13
C NMR (100 MHz, CDCl3) δ 135.73, 134.75, 130.66, 129.74, 129.63, 129.23, 128.96, 
127.88, 118.90, 38.97, 38.95. 
 
 2-Benzyl-8-chloro-2-(phenylthio)octanenitrile (iv): A THF 
solution (10mL) of 3-phenyl-2-(phenylthio)propanenitrile  
(iii) (500 mg, 2.09 mmol) was added to a -78 °C, THF solution (40mL) of LDA (2.30 
mmol). After 45 min neat 1-chloro-6-iodohexane (567 mg, 2.30 mmol) was added drop 
wise and then the reaction was allowed to warm to room temperature. After 6 h, 
saturated, aqueous NH4Cl was added to the cold reaction mixture, the organic layer was 
separated, and then the aqueous layer was extracted with EtOAc (3 x 15 mL). The 
combined organic extract was washed with brine, dried (Na2SO4), and concentrated to 
afford a crude product that was purified by flash column chromatography (1:50 ethyl 
acetate: hexanes) to afford 672 mg (90%) of pure iv as an oil: IR (film) 3065, 2228, 1734, 
cm
-1
;  
1
H NMR (400 MHz, CDCl3) δ 7.72 – 7.65 (m, 2H), 7.50 – 7.36 (m, 3H), 7.36 – 
7.24 (m, 5H), 3.49 (t, J = 6.7 Hz, 2H), 3.00 (dd, J = 24.0, 12.0 Hz, 2H), 1.87 – 1.69 (m, 
3H), 1.68 – 1.55 (m, 3H), 1.48 – 1.36 (m, 2H), 1.32 – 1.21 (m, 2H); 13C NMR (100 MHz, 
CDCl3) δ 137.11, 134.35, 130.41, 130.33, 129.35, 129.30, 128.51, 127.75, 120.74, 49.90, 
44.96, 44.02, 36.45, 32.35, 28.58, 26.58, 24.71. HRMS(EI) calcd. for (M+H
+
), 
C21H24ClNS+H
+
 358.1396, found 358.1379. 
 
(2-RS)-2-Benzyl-8-chloro-2-(RS-phenylsulfinyl)octanenitrile 
(12h):
211
 A CH2Cl2 solution (20 mL) of 2-benzyl-8-chloro-2-(phenylthio)octanenitrile 
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(iv) (500 mg, 1.40 mmol) was added to CH2Cl2 solution (10 mL) of m-CPBA (1.54 
mmol) at -78 °C. After the reaction was complete, as gauged by TLC analysis (typically 5 
min), the cold reaction mixture was poured into a separatory funnel containing 100 mL of 
10% aqueous sodium sulfite solution. The organic layer was separated, washed twice 
with saturated sodium bicarbonate solution, dried (Na2SO4), and concentrated in vacuo to 
yield 523 mg (100%) of 12h as pale yellow oily mixture of diastereomers (sulfinyl nitrile 
12h is unstable at room temperature and was characterized and used without 
purification). For 12h:  IR (film) 3031, 2209 cm
1
;  
1
H NMR (400 MHz, CDCl3) δ 7.90 – 
7.78 (m, 1H), 7.72-7.68 (m, 1H), 7.66 – 7.52 (m, 2H), 7.49 – 7.33 (m, 3H), 7.33 – 7.22 
(m, 2H), 7.16 (dd, J = 7.4, 2.0 Hz, 1H), 3.58 – 3.42 (m, 2H), 3.12 (s, 1H) (second 
diastereomer), 2.81 (ABq, 2H, ΔνAB = 157.2 Hz, JAB = 13.6 Hz) (first diastereomer), 1.91 
– 1.79 (m, 1H), 1.78 – 1.49 (m, 4H), 1.49 – 1.36 (m, 2H), 1.36 – 1.15 (m, 3H); 13C NMR 
(100 MHz, CDCl3) δ 137.88, 137.81, 137.05, 134.29, 133.14, 132.63, 132.57, 130.51, 
130.30, 129.10, 129.01, 128.75, 128.45, 127.76, 126.29, 126.22, 117.66, 117.36, 64.08, 
63.23, 49.84, 44.84, 37.82, 36.38, 33.98, 32.28, 32.17, 30.69, 28.58, 28.45, 26.43, 26.32, 
24.77, 24.36.  
 
 2-Benzyl-2-(phenylthio)nonanedinitrile (v): A THF solution 
(10 mL) of 3-phenyl-2-(phenylthio)propanenitrile  
(iii) (500 mg, 2.09 mmol) was added to a -78 °C, THF solution (40 mL) of LDA (2.30 
mmol). After 45 min neat 7-bromoheptonitrile (435 mg, 2.30 mmol) was added drop wise 
and then the reaction was allowed to warm to room temperature. After 6 h, saturated, 
aqueous NH4Cl was added to the cold reaction mixture, the organic layer was separated, 
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and then the aqueous layer was extracted with EtOAc (3 x 15 mL). The combined organic 
extract was washed with brine, dried (Na2SO4), and concentrated to afford a crude 
product that was purified by flash column chromatography (1:50 ethyl acetate: hexanes) 
to afford 597 mg (82%) of pure v as an oil: IR (film) 3065, 2228 cm
-1
;  
1
H NMR (400 
MHz, CDCl3) δ 7.74 – 7.65 (m, 2H), 7.51 – 7.38 (m, 3H), 7.34 – 7.21 (m, 5H), 3.00 (dd, 
J = 24.0, 12.0 Hz, 2H), 2.29 (t, J = 7.1 Hz, 2H), 1.81 – 1.52 (m, 6H), 1.49 – 1.36 (m, 2H), 
1.35 – 1.19 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 137.06, 134.27, 130.36, 130.33, 
129.33, 129.18, 128.49, 127.73, 120.65, 119.67, 49.80, 44.02, 36.35, 28.44, 28.32, 25.11, 
24.57, 17.04. HRMS(EI) calcd. for (M+H
+
), C22H24N2S+H
+
 349.1738, found 349.1731. 
 
(2-RS)-2-Benzyl-2-(RS-phenylsulfinyl)nonanedinitrile 
(12i):
211
 above A CH2Cl2 solution (20 mL) of 2-benzyl-2-
(phenylthio)nonanedinitrile (v) (500 mg, 1.44 mmol) was added to CH2Cl2 solution (10 
mL) of m-CPBA (1.58 mmol) at -78 °C. After the reaction was complete, as gauged by 
TLC analysis (typically 5 min), the cold reaction mixture was poured into a separately 
funnel containing 100 mL of 10% aqueous sodium sulfite solution. The organic layer was 
separated, washed twice with saturated sodium bicarbonate solution, dried (Na2SO4), and 
concentrated in vacuo to yield 524 mg (100%) of 12i as pale yellow oil. Nitrile 12i is 
unstable at room temperature and was characterized and used without purification:  IR 
(film) 3042, 2209 cm
-1
;  
1
H NMR (400 MHz, CDCl3) δ 8.03 (dd, J = 31.9, 7.9 Hz, 2H), 
7.86 – 7.54 (m, 3H), 7.46 – 7.28 (m, 4H), 7.19 – 7.13 (m, 1H), 3.12-3.16 (m, 1H) (first 
diastereomer), 2.82 (ABq, 2H, ΔνAB = 160.8 Hz, JAB = 13.6 Hz)  (second diastereomer), 
2.29 (dt, J = 16.7, 7.1 Hz, 2H), 2.15 – 2.02 (m, 1H), 1.94 – 1.76 (m, 1H), 1.68 – 1.41 (m, 
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4H), 1.19-1.25 (m, 4H); 
13
C NMR (100 MHz, CDCl3) δ 137.78, 137.62, 135.34, 134.69, 
133.78, 133.16, 132.81, 132.42, 130.86, 130.42, 130.25, 129.92, 129.55, 129.25, 129.16, 
128.94, 128.34, 126.40, 126.34, 119.65, 117.69, 117.36, 116.65, 66.79, 66.79, 64.19, 
63.25, 38.98, 38.01, 34.04, 31.02, 30.78, 28.64, 28.35, 28.24, 28.08, 25.17, 25.11, 25.05, 
24.74, 24.37, 17.12, 17.07.  
 
 Methyl 8-cyano-9-phenyl-8-(phenylthio)nonanoate (vi): 
A THF solution (10 mL) of 3-phenyl-2-
(phenylthio)propanenitrile (iii) (500 mg, 2.09 mmol) was added to a -78 °C, THF 
solution (40 mL) of LDA (2.30 mmol). After 45 min neat methyl 7-bromoheptanoate 
(466 mg, 2.092 mmol) was added drop wise and then the reaction was allowed to slowly 
warm to room temperature. After 6 h, saturated, aqueous NH4Cl was added to the cold 
reaction mixture, the organic layer was separated, and then the aqueous layer was 
extracted with EtOAc (3 x 15 mL). The combined organic extract was washed with brine, 
dried (Na2SO4), and concentrated to afford a crude product that was purified by flash 
column chromatography (1:50 ethyl acetate: hexanes) to afford 685 mg (86%) of pure vi 
as an oil: IR (film) 3065, 3035, 2228, 1734 cm
-1
;  
1
H NMR (400 MHz, CDCl3) δ 7.69 (d, 
J = 6.8 Hz, 2H), 7.50 – 7.39 (m, 3H), 7.34 – 7.31 (m, 2H), 7.28 – 7.23 (m, 3H), 3.67 (s, 
3H), 3.02 (dd, J = 13.6, 6.4 Hz, 2H), 2.29 (t, J = 7.5 Hz, 2H), 1.78 – 1.59 (m, 5H), 1.38 – 
1.18 (m, 5H); 
13
C NMR (100 MHz, CDCl3) δ 174.19, 137.19, 134.44, 130.48, 130.36, 
129.39, 128.57, 127.79, 120.83, 51.60, 50.00, 44.05, 36.59, 34.04, 29.07, 28.93, 24.84, 
24.76. HRMS(EI) calcd. for (M+H
+
), C23H27NO2S+H
+
 382.1814, found 382.1819. 
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(2-RS) Methyl 8-cyano-9-phenyl-8-(RS-
phenylsulfinyl)nonanoate (12j):
211
 above A CH2Cl2 solution 
(20 mL) of methyl 8-cyano-9-phenyl-8-(phenylthio)nonanoate (vi) (500 mg, 2.44 mmol) 
was added to a CH2Cl2 solution (10 mL) of m-CPBA (2.68 mmol) at -78 °C. After the 
reaction was complete, as gauged by TLC analysis (typically 5 min), the cold reaction 
mixture was poured into a separatory funnel containing 100 mL of 10% aqueous sodium 
sulfite solution. The organic layer was separated, washed twice with saturated sodium 
bicarbonate solution, dried (Na2SO4), and concentrated in vacuo to yield 542 mg (100%) 
of a mixture of diastereomers 12j as pale yellow oil. Nitrile 12j is unstable at room 
temperature and was characterized and used without purification: IR (film) 2209, 1736 
cm
-1
;  
1
H NMR (400 MHz, CDCl3) δ 7.85 – 7.78 (m, 1H), 7.71 (d, J = 7.1 Hz, 1H), 7.66 – 
7.50 (m, 3H), 7.48 – 7.32 (m, 3H), 7.29 (s, 1H), 7.16 (d, J = 7.1 Hz, 1H), 3.65 (s, 3H), 
3.12 (s, 1H), 2.84 (ABq, 2H, ΔνAB = 155.8 Hz, JAB = 13.6 Hz)  2.32 – 2.21 (m, 2H), 1.91 
– 1.77 (m, 1H), 1.68 – 1.46 (m, 4H), 1.40 – 1.18 (m, 5H); 13C NMR (100 MHz, CDCl3) δ 
173.89, 173.87, 137.85, 137.81, 133.12, 133.11, 132.56, 132.48, 130.46, 130.25, 129.03, 
128.93, 128.68, 128.44, 127.98, 127.68, 126.24, 126.17, 117.59, 117.31, 64.07, 63.26, 
51.39, 37.70, 33.95, 33.79, 33.76, 30.68, 28.94, 28.91, 28.65, 28.54, 28.47, 24.71, 24.59, 
24.53, 24.26.  
 
 1-((2-methoxyphenyl)sulfinyl)cyclohexanecarbonitrile (12k): A THF 
solution (20 mL) of cyclohexanecarbonitrile (200 mg, 1.84 mmol) was added 
to a -78 °C, THF solution (10 mL) of LDA (1.1 equiv.). After 45 min neat methyl 2-
methoxybenzenesulfinate (341 mg, 1.84 mmol) was added, drop wise, and then the 
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reaction was allowed to warm to room temperature. After 3 h, saturated, aqueous NH4Cl 
was added, the organic layer was separated, and then the aqueous layer was extracted 
with EtOAc (3 x 15 mL). The combined organic extract was washed with brine, dried 
(Na2SO4), and concentrated to afford a crude product that was purified by flash column 
chromatography (1:10 hexanes: ethyl acetate) to afford 458  mg (95%) of pure 12k as 
yellow oil: IR (film) 3068, 2241, 1044 cm
-1
; 
1
H NMR (500 MHz, CDCl3) δ 7.90 (dd, J = 
7.7, 1.6 Hz, 1H), 7.56 – 7.50 (m, 1H), 7.22 (t, J = 7.7 Hz, 1H), 6.96 (d, J = 8.3 Hz, 1H), 
3.87 (s, 3H), 2.15 – 2.06 (m, 1H), 1.95 – 1.74 (m, 6H), 1.69 – 1.58 (m, 2H), 1.32 – 1.22 
(m, 1H); 13C NMR (101 MHz, CDCl3) δ 156.98, 133.63, 126.78, 126.50, 121.20, 117.04, 
110.69, 62.99, 55.38, 29.70, 29.35, 24.29, 22.81, 22.69. HRMS(EI) calcd. for (M+H
+
), 
C14H17NO2S+H
+
 264.1058, found 264.1054. 
 
General Exchange-Alkylation Procedure: A THF solution of the Grignard reagent 
(1.05 equiv) was added to a stirred, -78 °C, THF solution of the sulfinylnitrile. After 5 
min neat electrophile (1.0 equiv) was added to the reaction and then the reaction was 
allowed to warm to room temperature over 2 h.  Saturated, aqueous NH4Cl was added, 
the crude reaction mixture was then extracted with EtOAc, dried (MgSO4), concentrated, 
and purified by radial chromatography to afford analytically pure material. An in situ 
variation was developed in which the Grignard reagent was added to a -78 °C, THF 
solution containing the sulfinylnitrile and the electrophile. 
 
1-Benzylcyclopropanecarbonitrile (10a): The general exchange-alkylation 
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procedure was employed with 12a (50 mg, 0.26 mmol)  and benzyl bromide (47 mg, 0.27 
mmol) to afford, after purification by radial chromatography (1:10 EtOAc/hexanes), 38 
mg (93%) of 10a as an oil: IR (film) 3064, 2234 cm
-1
;  
1
H NMR (400 MHz, CDCl3): δ 
0.95 (dd, J = 5.2, 2.8 Hz,  2H), 1.29 (dd, J = 5.2, 2.8 Hz,  2H), 2.82 (s, 2H), 7.27-7.31 (m, 
3H), 7.34-7.37 (m, 2H); 
13
C NMR (100 MHz, CDCl3): δ 10.94, 13.74, 40.37, 123.40, 
127.30, 128.72, 128.92, 136.88; HRMS(EI) calcd for (M
+
), C11H11NH
+
158.0970, found 
158.0977. 
 
 1-Benzylcyclobutanecarbonitrile (10b): The general exchange-alkylation 
procedure was employed with 12b (50 mg, 0.24 mmol)  and benzyl bromide 
(44 mg, 0.25 mmol) to afford, after purification by radial chromatography (1:10 
EtOAc/hexanes), 41 mg (99%) of 10b as an oil:
212
 IR (film) 3065, 2234 cm
-1
; 
1
H NMR 
(400 MHz, CDCl3) δ 7.41 – 7.26 (m, 5H), 3.01 (s, 2H), 2.47 (tdd, J = 9.3, 5.8, 3.1 Hz, 
2H), 2.26 – 2.15 (m, 3H), 2.09 – 1.97 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 135.95, 
129.53, 128.56, 127.27, 124.55, 43.28, 36.89, 31.73, 16.65, 0.03; HRMS(EI) calcd for 
C12H13NNa
+ 
194.0940, found 192.0954.  
 
 1-Benzylcyclopentanecarbonitrile (10c): The general exchange-alkylation 
procedure was employed with 12c (50 mg, 0.2283 mmol)  and benzyl bromide 
(40 mg, 1.05 equiv.) to afford, after purification by radial chromatography (1:10 
EtOAc/hexanes), 38 mg (90%) of 10c as an oil:
213
 IR (film) 3066, 2232, 1603 cm
-1
; 
1
H 
NMR (400 MHz, CDCl3) δ 7.41 – 7.27 (m, 5H), 2.88 (s, 2H), 2.09 – 2.01 (m, 2H), 1.93 – 
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1.67 (m, 6H); 
13
C NMR(100 MHz, CDCl3)  δ 23.78, 37.71, 43.49, 44.49, 124.95, 127.23, 
128.46, 129.84, 136.58; HRMS(EI) calcd for C13H15N+Na
+  
208.1102, found 208.1114. 
 
 1-Benzylcyclohexanecarbonitrile (10d): The general exchange-alkylation 
procedure was employed with 12d (50 mg, 0.21 mmol)  and benzyl bromide 
(38 mg, 0.22 mmol) to afford, after purification by radial chromatography (1:10 
EtOAc/hexanes), 41 mg (96%) of 10d as an oil:
212
 IR (film) 3058, 2206 cm
-1
;  
1
H NMR 
(500 MHz, CDCl3) δ 7.35 – 7.24 (m, 5H), 2.81 (s, 1H), 1.90 (d, J = 13.3 Hz, 2H), 1.78 – 
1.68 (m, 4H), 1.59 (qd, J = 13.3, 3.5 Hz, 3H), 1.30 (td, J = 13.3, 3.5 Hz, 2H), 1.14-
1.24(m, 1H); 
13
C NMR (100 MHz, CDCl3) δ 135.32, 130.44, 128.37, 127.30, 123.35, 
46.53, 40.27, 35.67, 25.38, 23.09; HRMS(EI) calcd for (M+H
+
), C14H18N
+
 200.1439, 
found 200.1424.  
 
 1-Allylcyclohexanecarbonitrile (10e): The in situ exchange-alkylation 
procedure was employed with 12d (50 mg, 0.21 mmol)  and allyl bromide (28 
mg, 0.22 mmol) to afford, after purification by radial chromatography (1:10 
EtOAc/hexanes), 29 mg (92%) of 10e as an oil:
216
 IR (film) 2224, 1635 cm
-1
; 
1
H NMR 
(400 MHz, CDCl3) δ 5.89 (ddt, J = 17.4, 10.2, 7.4 Hz, 1H), 5.25 – 5.12 (m, 2H), 2.28 (d, 
J = 7.4 Hz, 2H), 1.99 – 1.93 (m, 2H), 1.75 – 1.58 (m, 5H), 1.28 – 1.22 (m, 3H); 13C NMR 
(100 MHz, CDCl3) δ 122.93, 43.69, 36.22, 33.23, 25.36, 23.26, 17.87; HRMS(EI) calcd 
for (M+), C10H15N+ 149.1199, found 149.1182.  
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 1-Cinnamylcyclohexanecarbonitrile (10f): The general exchange-
alkylation procedure was employed 12d (50 mg, 0.21 mmol)  and cinnamyl 
bromide (44 mg, 0.22 mmol) to afford, after purification by radial chromatography (1:10 
EtOAc/hexanes), 43 mg (90%) of 10f a white solid (m.p. 62-63 °C):
216
 IR (film) 3055, 
2226, 1597 cm
-1
; 
1
H NMR (500 MHz, CDCl3) δ 7.42 – 7.34 (m, 2H), 7.33 – 7.28 (m, 
2H), 7.25 – 7.21 (m, 1H), 6.50 (d, J = 15.6 Hz, 1H), 6.28 (dt, J = 15.6, 7.5 Hz, 1H), 2.44 
(dd, J = 7.5, 1.3 Hz, 2H), 2.09 – 1.93 (m, 2H), 1.84 – 1.56 (m, 5H), 1.29 (td, J = 13.2, 3.6 
Hz, 2H), 1.14-1.24 (m, 1H); 
13
C NMR (125 MHz, CDCl3) δ 136.96, 128.70, 127.73, 
126.46, 123.55, 43.98, 39.45, 35.64, 25.47, 23.17; HRMS(EI) calcd for HRMS(EI) calcd 
for (M+), C16H19N+ 225.1512, found 225.1494. 
 
 1-(Prop-2-yn-1-yl)cyclohexanecarbonitrile (10g): The general exchange-
alkylation procedure was employed with 12d (50 mg, 0.21 mmol)  and 
propargyl bromide (26 mg, 0.22 mmol) to afford, after purification by radial 
chromatography (1:10 EtOAc/hexanes), 24 mg (86%) of 10g as an oil:
216
 IR (film) 3289, 
2234, 2123 cm
-1
; 
1
H NMR (400 MHz, CDCl3) δ 2.47 (d, J = 2.7 Hz, 2H), 2.16 (t, J = 2.7 
Hz, 1H), 2.09 – 2.00 (m, 2H), 1.81 – 1.71 (m, 3H), 1.63 (qt, J = 13.5, 3.4 Hz, 2H), 1.39 
(td, J = 13.5, 3.4 Hz, 2H), 1.23 – 1.11 (m, 1H); 13C NMR (400 MHz, CDCl3) δ 122.72, 
78.25, 72.51, 38.83, 34.88, 30.44, 25.13, 23.07; HRMS(EI) calcd for (M-H),C10H12N+ 
146.0963, found 146.0987.  
 
 1-Propylcyclohexanecarbonitrile (10h): The general exchange-alkylation 
procedure was employed with 12d (50 mg, 0.21 mmol)  and propyl bromide 
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(27 mg, 0.22 mmol) to afford, after purification by radial chromatography (1:10 
EtOAc/hexanes), 28 mg (87%) of 10h as an oil:
214
 IR (film) 2229, cm
-1
; 
1
H NMR (400 
MHz, CDCl3) δ 1.97 (d, J = 12.7 Hz, 2H), 1.79 – 1.45 (m, 8H), 1.25-1.17 (m, 4H), 0.96 
(t, J = 6.6 Hz, 3H); 
13
C NMR(100 MHz, CDCl3): δ 124.04, 42.95, 39.17, 35.87, 25.64, 
23.23, 17.87, 14.36; HRMS(EI) calcd for (M+Na+), C10H17NNa+ 174.1253, found 
174.1254. 
 
 1-Isopropylcyclohexanecarbonitrile (10i): The general exchange-alkylation 
procedure was employed with 12d (50 mg, 0.21 mmol)  and isopropyl iodide (38 
mg, 0.22 mmol) to afford, after purification by radial chromatography (1:10 
EtOAc/hexanes), 29 mg (90%) of 10i as an oil:
215
 IR (film) 2209 cm
-1
;  
1
H NMR (400 
MHz, CDCl3) δ 2.01 (dd, J = 13.9, 4.1 Hz, 2H), 1.80 – 1.70 (m, 2H), 1.66 – 1.57 (m, 3H), 
1.27 – 1.21 (m, 3H), 1.05 (d, J = 6.8 Hz, 6H), 0.88 – 0.85 (m, 1H); 13C NMR (100 MHz, 
CDCl3): δ 17.86, 23.26, 25.36, 33.22, 36.22, 43.69, 122.94; HRMS(EI) calcd for 
(M+Na
+
), C10H17N+Na
+
 174.1253, found 174.1256. 
 
1'-Hydroxy-[1,1'-bi(cyclohexane)]-1-carbonitrile (10j): The general 
exchange-alkylation procedure was employed with 12d (50 mg, 0.2146 mmol)  
and cyclohexanone (22 mg, 1.05 equiv.) to afford, after purification by radial 
chromatography (1:10 EtOAc/hexanes), 41 mg (92%) of 10j as colorless solid (m.p. 112-
113°C):
216
 IR (film) 3491, 2222 cm
-1
; 
1
H NMR (400 MHz, CDCl3) δ 2.06 – 1.94 (m, 2H), 
1.83 – 1.75 (m, 4H), 1.72 – 1.37 (m, 13H), 1.11-1.16 (m, 1H); 13C NMR (100 MHz, 
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CDCl3) δ 123.14, 77.48, 77.16, 76.84, 73.96, 50.00, 32.06, 29.08, 25.59, 25.47, 23.51, 
21.69; HRMS(ESI) calcd for (M+Na+), C13H21NONa+ 230.1515, found 230.1522.  
 
 1'-Hydroxy-[1,1'-bi(cyclohexan)]-2'-ene-1-carbonitrile (10k): The general 
exchange-alkylation procedure was employed with 12d (50 mg, 0.21 mmol)  
and 2-cyclohexenone (22 mg, 0.22 mmol) to afford, after purification by radial 
chromatography (1:10 EtOAc/hexanes), 38 mg (86 %) of 10k pale yellow oil: IR (film) 
3463, 3029, 2231 cm
-1
; 
1
H NMR (500 MHz, CDCl3) δ 6.08 – 6.00 (m, 1H), 5.85 (d, J = 
9.8 Hz, 1H), 2.07 (td, J = 10.2, 7.7, 3.7 Hz, 2H), 1.87 – 1.60 (m, 12H), 1.47 – 1.33 (m, 
2H); 
13
C NMR (125 MHz, CDCl3) δ 134.37, 127.86, 122.74, 71.86, 49.62, 30.80, 29.87, 
29.07, 25.51, 25.26, 23.40, 23.30, 18.59. HRMS(ESI) calcd for (M+K
+
), C13H19NO+K
+
 
244.1098, found 244.1074.  
 
Methyl 1-cyanocyclohexanecarboxylate (10l): The general exchange-
alkylation procedure was employed with 12d (50 mg, 0.21 mmol)  and methyl 
cyanoformate (20 mg, 0.22 mmol) to afford, after purification by radial chromatography 
(1:10 EtOAc/hexanes), 33 mg (91%) of 10l as an oil:
216
 IR (film) 2239, 1736 cm
-1
; 
1
H 
NMR (400 MHz, CDCl3) δ 3.81 (s, 3H), 2.11 (d, J = 13.2 Hz, 2H), 1.90 – 1.62 (m, 7H), 
1.28 – 1.22 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 170.03, 119.30, 53.56, 45.44, 33.06, 
24.72, 22.33; HRMS(EI) calcd for (M+), C9H13NO2+ 167.0941, found 167.0938.  
 
Via sulfoxide-zincate exchange: A hexanes solution of BuLi (0.27 mmol) was added to 
a stirred, 0 °C, THF solution of diethylzinc (0.27 mmol). After 5 min a THF solution of 
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the sulfinyl nitrile 12d (60 mg, 0.26 mmol) was added to the reaction flask. After 15 min 
neat methyl cyanoformate (0.27 mmol) was added to the reaction and then 
the reaction was allowed to warm at room temperature. After 2 h, saturated, 
aqueous NH4Cl solution was added, the crude product was extracted with 
EtOAc, dried (MgSO4), concentrated, and purified by radial chromatography to 
afford analytically pure 10l.
213
 above 
 
1-Pivaloylcyclohexanecarbonitrile (10m): The in situ exchange-alkylation 
procedure was employed with 12d (50 mg, 0.21 mmol)  and pivaloyl chloride 
(31 mg, 1.05 equiv.) to afford, after purification by radial chromatography (1:10 
EtOAc/hexanes), 37 mg (90%) of 10m white solid (m.p. 58-59 °C):
216
 IR (film) 2229, 
1703 cm
-1
; 
1
H NMR (400 MHz, CDCl3) δ 1.92 (dd, J = 11.0, 1.9 Hz, 2H), 1.84 – 1.67 (m, 
7H), 1.37 (s, 9H), 1.27 – 1.21 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 21.86, 24.57, 
26.51, 34.16, 46.32, 48.03, 121.63, 208.51; HRMS(ESI) calcd for (M+Na
+
), 
C12H19NONa
+
 216.1359, found 216.1364. 
 
 1-(2-Phenyloxiran-2-yl)cyclohexanecarbonitrile (10n): The general 
exchange-alkylation procedure was employed with 12d (50 mg, 0.21 mmol)  
and 2-bromoacetophenone (44 mg, 0.22 mmol) to afford, after purification by radial 
chromatography (1:10 EtOAc/hexanes), 44 mg (88 %) of 10n as an oil: IR (film) 3060, 
2234 cm
-1
;  
1
H NMR (400 MHz, CDCl3) δ 7.43 (dd, J = 6.8, 2.9 Hz, 2H), 7.34-7.36 (m, 
3H), 3.37 (d, J = 4.7 Hz, 1H), 2.79 (d, J = 4.7 Hz, 1H), 2.04 – 1.86 (m, 2H), 1.82 – 1.50 
(m, 5H), 1.47 – 1.31 (m, 2H), 1.01-1.10 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 135.94, 
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128.70, 128.56, 128.00, 121.00, 62.98, 51.16, 44.32, 32.15, 30.79, 24.83, 22.86, 22.65. 
HRMS(ESI) calcd for (M+Na
+
), C15H17NO+Na
+
 250.1202, found 250.1186.  
 
 2-((1-Cyanocyclohexyl)(phenyl)methyl)malononitrile (10o): The general 
exchange-alkylation procedure was employed with 12d (50 mg, 0.21 mmol)  
and benzylidenemalononitrile (35 mg, 0.22 mmol) to afford, after purification by 
radial chromatography (1:10 EtOAc/hexanes), 52 mg (92%) of 10o as an oil: IR (film) 
3078, 2209 cm
-1
;  
1
H NMR (400 MHz, CDCl3) δ 7.47 (dq, J = 6.9, 3.5 Hz, 5H), 4.45 (d, J 
= 6.8 Hz, 1H), 3.16 (d, J = 6.8 Hz, 1H), 2.45 – 2.34 (m, 1H), 1.94 – 1.82 (m, 1H), 1.82 – 
1.67 (m, 4H), 1.60 – 1.46 (m, 2H), 1.28 – 1.14 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 
133.44, 130.02, 129.61, 129.06, 120.50, 112.24, 111.33, 53.99, 42.74, 35.83, 34.99, 
26.00, 24.64, 22.96, 22.80; HRMS(EI) calcd for (M
+
), C17H17N3
+
 263.1422, found 
263.1429.  
 
 1-(2-Hydroxypropyl)cyclohexanecarbonitrile (10p): The general 
exchange-alkylation procedure was employed with 12d (50 mg, 0.21 mmol)  
and propylene oxide (13 mg, 0.22 mmol) to afford, after purification by radial 
chromatography (1:10 EtOAc/hexanes), 33 mg (91%) of 10p as an oil:
217
  IR (film) 3304, 
2209 cm
-1
;  
1
H NMR (400 MHz, CDCl3) δ 4.16 (dqd, J = 9.1, 6.2, 2.6 Hz, 1H), 2.13 (ddd, 
J = 13.5, 4.4, 2.6 Hz, 1H), 1.99 (ddt, J = 13.5, 5.3, 3.0 Hz, 1H), 1.88 – 1.50 (m, 9H), 1.40 
– 1.27 (m, 2H), 1.25 (d, J = 6.2 Hz, 3H), 1.12-1.17 (m, 1H); 13C NMR (100 MHz, 
CDCl3) δ 124.14, 65.10, 49.15, 37.59, 36.50, 36.11, 25.37, 25.24, 23.10, 22.96; 
HRMS(EI) calcd for (M+), C10H17NO+ 167.1310, found 167.1318. 
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 1-(Phenylthio)cyclohexanecarbonitrile (10q): The general exchange-
alkylation procedure was employed with 12d (50 mg, 0.21 mmol)  and diphenyl 
disulfide (49 mg, 0.22 mmol) to afford, after purification by radial chromatography (1:10 
EtOAc/hexanes), 36 mg (77%) of 10q as a pale yellow oil:
218
 IR (film) 3058, 2230 cm
-1
; 
1
H NMR (400 MHz, CDCl3) δ 7.73 – 7.64 (m, 2H), 7.49 – 7.35 (m, 3H), 2.09 – 1.99 (m, 
2H), 1.78 (dq, J = 11.8, 4.0 Hz, 2H), 1.71 – 1.51 (m, 5H), 1.35 – 1.24 (m, 1H).; 13C NMR 
(100 MHz, CDCl3) δ 137.05, 130.17, 129.19, 128.91, 121.32, 46.09, 36.28, 24.91, 23.29; 
HRMS(ESI) calcd for (M+Na
+
), C13H15NSNa
+
 240.0817, found 240.0840.  
 
 (1RS, 2SR, 4RS)-2-Benzylbicyclo[2.2.1]hept-5-ene-2-carbonitrile (10r): 
The general exchange-alkylation procedure was employed with 12e (50 mg, 
0.2057 mmol) and benzyl bromide (37 mg, 1.05 equiv.) to afford, after purification by 
radial chromatography (1:10 EtOAc/hexanes), 43 mg (96%) of 10r as an oil spectrally 
identical material is previously synthesized.
219
 
 
IR (film) 3056, 2209, 1641 cm
-1
; 
1
H NMR 
(400 MHz, CDCl3) δ 7.39 – 7.27 (m, 5H), 6.35 (dd, J = 5.7, 3.1 Hz, 1H), 6.23 (dd, J = 
5.7, 3.1 Hz, 1H), 3.10 – 2.90 (m, 4H), 1.87 (dd, J = 12.2, 3.3 Hz, 1H), 1.71 – 1.58 (m, 
3H); 
13
C NMR (100 MHz, CDCl3) δ 139.73, 136.48, 135.27, 130.12, 128.62, 127.39, 
125.16, 49.35, 45.97, 44.63, 43.48, 43.05, 40.84. 
 
 (1RS, 2RS, 4RS)-2-Allylbicyclo[2.2.1]hept-5-ene-2-carbonitrile (10s): 
The general exchange-alkylation procedure was employed with 12e (50 mg, 
0.206 mmol) and allyl bromide (27 mg, 1.05 equiv.) to afford, after purification by radial 
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chromatography (1:10 EtOAc/hexanes), 31 mg (96%) of 10s as an oil spectrally identical 
material is previously synthesized.
220
 IR (film) 3052, 2213, 1643 cm
-1
; 
1
H NMR (400 
MHz, CDCl3) δ 6.47 – 6.16 (m, 2H), 5.95 (ddt, J = 17.3, 10.4, 7.1 Hz, 1H), 5.34 – 5.12 
(m, 2H), 3.05 – 2.89 (m, 2H), 2.54 – 2.36 (m, 2H), 1.82 – 1.61 (m, 2H), 1.60 – 1.44 (m, 
2H). 
13
C NMR (100 MHz, CDCl3) δ 139.49, 135.33, 133.13, 124.97, 119.28, 49.67, 
46.12, 43.41, 42.88, 42.14, 40.32. 
 
 (1RS, 2RS, 4RS)-2-Propylbicyclo[2.2.1]hept-5-ene-2-carbonitrile (10t): 
The general exchange-alkylation procedure was employed with 12e (50 mg, 
0.21 mmol)  and propyl iodide (38 mg, 0.22 mmol) to afford, after purification by radial 
chromatography (1:10 EtOAc/hexanes), 31 mg (92%) of 10t as an oil:
221
 IR (film) 2209, 
1641 cm
-1
; 
1
H NMR (400 MHz, CDCl3) δ 6.43 – 6.24 (m, 2H), 3.05 – 2.82 (m, 2H), 1.75 
– 1.57 (m, 6H), 1.56 – 1.40 (m, 2H), 0.98 (t, J = 6.9 Hz, 3H); 13C NMR (100 MHz, 
CDCl3) δ 139.09, 135.49, 125.39, 50.13, 46.26, 42.76, 42.61, 41.49, 40.69, 19.90, 14.34.  
 
 2-Benzyl-2-methylbutanenitrile (10u): The general exchange-alkylation 
procedure was employed with 12f (50 mg, 0.23 mmol)  and benzyl bromide 
(40 mg, 0.24 mmol) to afford, after purification by radial chromatography (1:10 
EtOAc/hexanes), 38 mg (90%) of 10u as an oil exhibiting spectral properties parallel to 
material previously reported:
222
 IR (film) 2209, 1641 cm
-1
; 
1
H NMR (400 MHz, CDCl3) δ 
7.40 – 7.26 (m, 5H), 2.83 (dd, J = 76.0, 12.0 Hz, 2H), 1.79 – 1.62 (m, 1H), 1.58 – 1.50 
(m, 1H), 1.26 (s, 3H), 1.12 (t, J = 7.5 Hz, 3H); 
13
C NMR (100 MHz, CDCl3) δ 135.70, 
130.45, 128.49, 127.39, 124.03, 45.16, 38.63, 32.42, 23.42, 9.49. 
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 2,2-Dimethyl-3-phenylpropanenitrile (10v): The general exchange-
alkylation procedure was employed with 12g (50 mg, 0.26 mmol)  and benzyl 
bromide (44 mg, 0.26 mmol) to afford, after purification by radial chromatography (1:10 
EtOAc/hexanes), 39 mg (91%) of 10v as an oil exhibiting spectral data identical to that of 
material previously isolated:
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 IR (film) 3064, 2234, 1603 cm
-1
; 
1
H NMR (400 MHz, 
CDCl3) δ 7.37 – 7.26 (m, 5H), 2.82 (s, 2H), 1.35 (s, 6H); 
13
C NMR (100 MHz, CDCl3) δ 
135.78, 130.33, 128.50, 127.45, 124.89, 46.78, 33.64, 26.63.  
 
 2-Benzyl-8-chloro-2-pivaloyloctanenitrile (10w): The in situ 
exchange-alkylation procedure was employed with 12h (80 mg, 
0.21 mmol)  and pivaloyl chloride (52 mg, 0.42 mmol) to afford, after purification by 
radial chromatography (1:10 EtOAc/hexanes), 67 mg (94%) of 10w as an oil: IR (film) 
3065, 2242, 1736 cm
-1
; 
1
H NMR (400 MHz, CDCl3) δ 7.43 – 7.27 (m, 5H), 3.53 (t, J = 
6.6 Hz, 2H), 3.07 (ABq, 2H, ΔνAB = 106.8 Hz, JAB = 13.1 Hz)  2.01 (td, J = 13.1, 3.6 Hz, 
1H), 1.82 – 1.65 (m, 2H), 1.62 – 1.52 (m, 1H), 1.52 – 1.35 (m, 3H), 1.35 – 1.30 (m, 3H), 
1.29 – 1.18 (m, 2H), 1.06 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 208.50, 135.10, 130.72, 
129.20, 128.61, 122.14, 52.31, 46.64, 45.05, 44.51, 39.58, 32.52, 28.90, 27.56, 25.94. 
HRMS(APCI) calcd for (M+H
+
), C19H28ClNO+H
+
 334.1938, found 334.1947.  
 
Methyl 2-benzyl-2,8-dicyanooctanoate (10x): The in situ 
exchange-alkylation procedure was employed with 12i (80 mg, 
0.2197 mmol)  and methyl cyanoformate (37 mg, 2.0 equiv.) to afford, after purification 
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by radial chromatography (1:10 EtOAc/hexanes), 59 mg (91%) of 10x as an oil: IR (film) 
3065, 3035, 2242, 1736 cm
-1
; 
1
H NMR (500 MHz, CDCl3) δ 7.35 – 7.25 (m, 5H), 3.70 (s, 
3H), 3.12 (ABq, 2H, ΔνAB = 55.6 Hz, JAB = 10.8 Hz)  2.34 (t, J = 7.1 Hz, 2H), 2.03 (td, J 
= 12.7, 12.0, 4.1 Hz, 1H), 1.82 (td, J = 13.5, 12.8, 4.5 Hz, 1H), 1.69 – 1.60 (m, 3H), 1.53 
– 1.43 (m, 2H), 1.41 – 1.32 (m, 3H); 13C NMR (125 MHz, CDCl3) δ 169.29, 134.18, 
129.96, 128.76, 128.09, 119.74, 118.98, 53.44, 51.72, 43.52, 37.30, 28.41, 25.30, 17.25, 
16.51; HRMS(APCI) calcd for (M+H
+
), C18H22N2O2+H
+
 299.1760, found 299.1755.  
 
 Dimethyl 2-benzyl-2-cyanononanedioate (10y): The in situ 
exchange-alkylation procedure was employed with 12j (80 
mg, 0.20 mmol)  and methyl cyanoformate (18 mg, 0.21 mmol) to afford, after 
purification by radial chromatography (1:10 EtOAc/hexanes), 63 mg (94%) of 10y as an 
oil: IR (film) 3065, 3035, 2242, 1736 cm
-1
; 
1
H NMR (400 MHz, CDCl3) δ 7.36 – 7.22 
(m, 5H), 3.69 (s, 3H), 3.67 (s, 3H), 3.12 (ABq, 2H, ΔνAB = 42.8 Hz, JAB = 13.6 Hz) 2.30 
(t, J = 7.5 Hz, 2H), 2.01 (td, J = 13.2, 12.6, 3.5 Hz, 1H), 1.85-1.79 (m, 1H), 1.63-1.57 (m, 
2H), 1.39 – 1.23 (m, 6H); 13C NMR (100 MHz, CDCl3) δ 174.19, 169.31, 134.26, 129.92, 
128.69, 127.99, 119.00, 53.34, 51.76, 51.62, 43.42, 37.47, 34.04, 28.98, 28.86, 25.48, 
24.84. HRMS(APCI) calcd for (M+H
+
), C19H25NO4+H
+
 332.1862, found 332.1856.  
 
2RS-(RS-Phenylsulfinyl)octanenitrile (16a):
211
 above A THF solution of 
octanonitrile (1.0 g, 7.98 mmol) was added to a -78 °C, THF solution of 
LDA (1.1 equiv.). After 45 min neat methyl phenylsulfinate (1.25 g, 7.98 mmol) was 
added drop wise and then the reaction was allowed to warm to room temperature. After 3 
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h, saturated, aqueous NH4Cl was added, the organic layer was separated, and then the 
aqueous layer was extracted with EtOAc (3 x 15 mL). The combined organic extract was 
washed with brine, dried (Na2SO4), and concentrated to afford a crude product that was 
purified by flash column chromatography (1:10 hexanes: ethyl acetate) to afford 1.23 g 
(62%) of 16a as yellow, oily mixture of diastereomers (2.17:1) which, with time, 
afforded needle shaped crystals (m.p. 95-97 
o
C): IR (film) 3060, 2253, 1088, 1053 cm
-1
; 
For  the major diastereomer 
1
H NMR (500 MHz, CDCl3) δ 7.72 – 7.70 (m, 2H), 7.58 – 
7.56 (m, 3H), 3.59 (dd, J = 10.0, 5.7 Hz, 1H), 2.16 – 1.93 (m, 1H), 1.91 – 1.79 (m, 1H), 
1.72 – 1.44 (m, 2H), 1.41 – 1.23 (m, 6H), 0.88 (t, J = 7.0, 3H); 13C NMR (100 MHz, 
CDCl3) δ 140.00, 132.28, 129.32, 124.46, 114.16, 56.44, 31.21, 26.87, 26.49, 22.33, 
13.90, 3.62.  For the minor diastereomer 
1
H NMR (500 MHz, CDCl3) δ 7.78 – 7.76 (m, 
2H), 7.61 – 7.59 (m, 3H), 3.62 (dd, J = 9.6, 4.5 Hz, 1H), 2.16 – 1.93 (m, 1H), 1.91 – 1.79 
(m, 1H), 1.72 – 1.44 (m, 2H), 1.41 – 1.23 (m, 6H), 0.88 (t, J = 7.0, 3H); 13C NMR (100 
MHz, CDCl3) δ 140.56, 132.73, 129.36, 124.96, 114.84, 57.40, 31.22, 28.43, 26.50, 
22.33, 13.90, 3.62. HRMS(EI) calcd. for (M+H
+
), C14H20NOS
+
 250.1266, found 
250.1260.  
 
(2RS)-((2-methoxyphenyl) RS-sulfinyl)octanenitrile (16b): A THF 
solution (60 mL) of octanonitrile (1.0 g, 7.98 mmol) was added to a -78 
°C, THF solution of LDA (1.1 equiv.). After 45 min neat methyl 2-
methoxybenzenesulfinate (1.25 g, 7.98 mmol) was added drop wise and then the reaction 
was allowed to warm to room temperature. After 3 h, saturated, aqueous NH4Cl was 
added, the organic layer was separated, and then the aqueous layer was extracted with 
 131 
EtOAc (3 x 15 mL). The combined organic extract was washed with brine, dried 
(Na2SO4), and concentrated to afford a crude product that was purified by flash column 
chromatography (1:10 hexanes: ethyl acetate) to afford 1.23 g (62%) of a mixture (1:1) of 
diastereomers 16b as a yellow oil: IR (film) 3060, 2236 cm
-1
; For one diastereomer 
1
H 
NMR (500 MHz, CDCl3) δ 7.90 – 7.88 (m, 1H), 7.54 (t, J = 7.8 Hz, 1H), 7.27 (t, J = 7.6 
Hz, 1H), 6.98 (d, J = 11.1, 1H), 3.91 (s, 3H), 3.91 (dd, J = 10.1, 4.7 Hz, 1H), 2.19-2.13 
(m, 1H), 1.96-1.89 (m, 1H), 1.79 – 1.56 (m, 2H), 1.44-1.39 (m, 1H), 1.37 – 1.19 (m, 5H), 
0.90 (t, J = 6.9 Hz, 3H); 
13
C NMR (100 MHz, CDCl3) δ 139.28, 133.56, 132.11, 128.11, 
127.39, 121.95, 120.84, 56.40, 55.83, 54.16, 31.29, 28.44, 26.95, 22.43, 13.98; For 
second diastereomer 
1
H NMR (500 MHz, CDCl3) δ 7.81 – 7.79 (m, 1H), 7.54 (t, J = 7.8 
Hz, 1H), 7.22 (t, J = 7.6 Hz, 1H), 6.96 (d, J = 11.1 Hz, 1H), 3.91 (s, 3H), 3.74 (dd, J = 
10.1, 4.7 Hz, 1H), 2.19-2.13 (m, 1H), 1.79 – 1.56 (m, 3H), 1.44-1.39 (m, 1H), 1.37 – 1.19 
(m, 5H), 0.86 (t, J = 6.9 Hz, 3H); 
13
C NMR (100 MHz, CDCl3) δ 135.26, 133.34, 130.05, 
127.74, 126.27, 121.71, 119.36, 55.93, 55.40, 53.65, 31.22, 28.16, 24.49, 22.37, 13.94; 
HRMS(EI) calcd. for (M+H
+
), C11H13NO2S+H
+
 224.0745, found 224.0743. 
  
(2RS)-Cyclopropyl-2-(RS-phenylsulfinyl)acetonitrile (16c): A THF 
solution (30 mL) of cyclopropylacetonitrile (500 mg, 6.164 mmol) was added 
to a -78 °C, THF solution of LDA (1.1 equiv.). After 45 min neat methyl phenylsulfinate 
(962 mg, 6.1644 mmol) was added drop wise and then the reaction was allowed to warm 
to room temperature. After 3 h, saturated, aqueous NH4Cl was added, the organic layer 
was separated, and then the aqueous layer was extracted with EtOAc (3 x 15 mL). The 
combined organic extract was washed with brine, dried (Na2SO4), and concentrated to 
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afford a crude product that was purified by flash column chromatography (1:10 hexanes: 
ethyl acetate) to afford 810 mg (64%) of 16c as a 1:1 mixture of diastereomers. Slow 
crystallization from hexane/CH2Cl2 affored one diastereomer as white needle shaped 
crystals (m.p. 65-67 
o
C): IR (film) 3058, 2233, 1052, 1082 cm
-1
; 
1
H NMR (400 MHz, 
CDCl3) δ 7.75-7.72 (m, 2H), 7.61-7.57 (m, 3H), 3.36 (d, J = 7.8 Hz, 1H), 1.38 (dtd, J = 
13.7, 7.8, 4.8 Hz, 1H), 0.81 (ttd, J = 13.7, 9.3, 5.4 Hz, 1H), 0.61 (dq, J = 9.3, 5.1 Hz, 1H), 
0.52 (dq, J = 10.4, 5.1 Hz, 1H); 
13
C NMR (100 MHz, CDCl3) δ 140.28, 132.59, 129.50, 
124.74, 113.11, 77.48, 77.16, 76.84, 61.38, 7.91, 4.48, 4.43.; HRMS(EI) calcd. for 
(M+Na
+
), C11H11NOS+Na
+
 228.0454 found 228.0474.  
 
2RS-(RS-Phenylsulfinyl)butanenitrile (16d): A THF solution (10 mL) of 
butyronitrile (1.0 g, 7.98 mmol) was added to a -78 °C, THF solution (60 mL) 
of LDA (1.1 equiv.). After 45 min neat methyl phenylsulfinate (1.25 g, 7.98 mmol) was 
added drop wise and then the reaction was allowed to warm to room temperature. After 3 
h, saturated, aqueous NH4Cl was added, the organic layer was separated, and then the 
aqueous layer was extracted with EtOAc (3 x 15 mL). The combined organic extract was 
washed with brine, dried (Na2SO4), and concentrated to afford a crude product that was 
purified by flash column chromatography (1:10 hexanes: ethyl acetate) to afford 1.23 g 
(62%) of pure 16d as a yellow oily mixture of diastereomers (1.4:1): IR (film) 3058, 
2243, 1086, 1048 cm
-1
; 
1
H NMR (500 MHz CDCl3) δ 7.73-7.71 (m, 2H), 7.61-7.58 (m, 
3H), 3.48 (dd, J = 9.7, 5.7 Hz, 1H), 2.25 – 2.13 (m, 1H), 1.91-1.86 (m, 1H), 1.22 (t, J = 
7.4 Hz, 3H);  For one diastereomer 
13
C NMR (100 MHz, CDCl3) δ 140.86, 132.98, 
129.61, 125.14, 114.78,  59.24, 20.68, 11.73. For the second diastereomer 
13
C NMR (100 
 133 
MHz, CDCl3) δ 139.96, 132.58, 129.57, 124.70, 114.16, 58.03, 20.34, 11.07. HRMS(EI) 
calcd. for (M+H
+
), C10H11NOS+H
+
 194.0634 found194.0632. 
  
 Methyl 2-cyanooctanoate (9a): (Inverse Addition) A THF solution (5 
mL) of 2-(phenylsulfinyl)octanenitrile 16a (50 mg, 0.20 mmol) was added, 
drop wise, to a stirred, -78 °C, THF solution of i-PrMgCl (2.1 equiv, 0.42 mmol), and 
after 1 min, methyl cyanoformate (1.5 equiv, 0.30 mmol) was added to the reaction and 
then the reaction was allowed to warm to room temperature over 2 h.  Saturated, aqueous 
NH4Cl was added the crude reaction mixture that was then extracted with EtOAc, dried 
(MgSO4), concentrated, and purified by radial chromatography (1:10 EtOAc/hexanes), to 
afford 26 mg (70%) of analytically pure 9a: IR (film) 2252, 1749 cm
-1
; 
1
H NMR (400 
MHz, CDCl3) δ 3.80 (s, 3H), 3.49 (dd, J = 7.5, 6.5 Hz, 1H), 2.18 – 2.14 (m, 2H), 1.95-
1.89 (m, 2H), 1.48 – 1.44 (m, 3H), 1.30 – 1.28 (m, 3H), 0.86 (t, J = 6.3 Hz, 3H).; 13C 
NMR (101 MHz, CDCl3) δ 166.88, 116.63, 77.48, 77.16, 76.84, 53.56, 37.54, 31.47, 
30.00, 28.80, 26.87, 22.59, 14.11; HRMS(APCI) calcd for (M+H
+
), C10H17NO2+H
+
 
184.1338, found 184.1323. 
 
 Methyl 2-cyanooctanoate (9a): (In situ Procedure) 2 M THF solution 
of i-PrMgCl (2.5 equiv, 0.42 mmol) was added, drop wise, to a stirred, -78 
°C, THF solution (5 mL) of the 2-((2-methoxyphenyl)sulfinyl)octanenitrile (50 mg, 0.20 
mmol) and methyl cyanoformate (2.0 equiv). The reaction was allowed to warm to room 
temperature over 1 h then saturated, aqueous NH4Cl was added. The crude product was 
extracted with EtOAc, dried (MgSO4), concentrated, and purified by radial 
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chromatography (1:10 EtOAc/hexanes), to afford analytically pure 9a, identical to that 
previously isolated.  
 
 2-Pivaloyloctanenitrile (9b): (Inverse Addition) A THF solution (5 mL) 
of 2-(phenylsulfinyl)octanenitrile (50 mg, 0.20 mmol) was added, drop 
wise, to a stirred, -78 °C, THF solution (2 M) of i-PrMgCl (2.1 equiv, 0.42 mmol). After 
2 min, pivaloyl chloride (1.5 equiv) was added to the reaction and then the reaction was 
allowed to warm to room temperature over 2 h.  Saturated, aqueous NH4Cl was added the 
crude reaction mixture that was then extracted with EtOAc, dried (MgSO4), concentrated, 
and purified by radial chromatography (1:10 EtOAc/hexanes), to afford 32 mg (72%) of 
analytically pure 9b: IR (film) 2240, 1722 cm
-1
;
 1
H NMR (400 MHz, CDCl3) δ 3.79 (dd, 
J = 8.5, 6.3 Hz, 1H), 1.90 – 1.78 (m, 2H), 1.35 – 1.28 (m, 8H), 1.24 (s, 9H), 0.88 (t, J = 
6.9 Hz, 3H); 
13
C NMR (125 MHz, CDCl3) δ 205.78, 129.57, 45.59, 37.18, 31.54, 30.17, 
28.78, 27.34, 26.23, 22.62, 14.14. HRMS(EI) calcd. for (M+H+), C13H23NO+H
+
 
210.1858, found 210.1840. 
 
 2-Benzyloctanenitrile (9c): (Inverse Addition) A THF solution (5 mL)  of 
2-(phenylsulfinyl)octanenitrile (50 mg, 0.20 mmol) was added, drop wise, 
to a stirred, -78 °C, THF solution of i-PrMgCl (2.1 equiv, 0.22 mmol). After 2 min, the 
solution was transferred to a flask containing CuCN (2 mg, 0.02 mmol) and after 5 min, 
neat benzyl bromide (1.2 equiv) was added to the reaction and then the reaction was 
allowed to warm to room temperature over 2 h.  Saturated, aqueous NH4Cl was added the 
crude reaction mixture that was then extracted with EtOAc, dried (MgSO4), concentrated, 
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and purified by radial chromatography (1:10 EtOAc/hexanes), to afford 32 mg (81%) of 
analytically pure 9c
224
: IR (film) 3058, 2243, cm
-1
;
 1
H NMR (500 MHz, CDCl3) δ 7.37 – 
7.30 (m, 2H), 7.29 – 7.18 (m, 3H), 2.94 – 2.83 (m, 2H), 2.80 – 2.70 (m, 1H), 1.64 – 1.53 
(m, 3H), 1.48 – 1.36 (m, 1H), 1.35 – 1.24 (m, 6H), 0.88 (t, J = 6.5 Hz, 3H); 13C NMR 
(125 MHz, CDCl3) δ 137.23, 129.10, 128.81, 127.27, 121.97, 38.56, 33.95, 31.92, 31.64, 
28.85, 27.19, 22.63, 14.13. HRMS(EI) calcd. for (M+H+), C15H21N+H
+
 216.1752, found 
216.1740. 
 Methyl 2-cyano-2-cyclopropylacetate (9d): (Inverse addition) A THF 
solution (5 mL) of 2-cyclopropyl-2-(phenylsulfinyl)acetonitrile 16c, (50 mg, 
0.196 mmol) was added, drop wise, to a stirred, -78 °C, THF solution (2 M) of i-PrMgCl 
(1.1 equiv, 0.22 mmol). After 5 min methyl cyanoformate (1.0 equiv, 0.196 mmol) was 
added to the reaction and then the reaction was allowed to warm to room temperature 
over 2 h.  Saturated, aqueous NH4Cl was added the crude reaction mixture that was then 
extracted with EtOAc, dried (MgSO4), concentrated, and purified by radial 
chromatography (1:10 EtOAc/hexanes), to afford 26 mg (91%) of analytically pure 9d: 
IR (film) 3013, 2251, 1746 cm
-1
; 
1
H NMR (500 MHz, CDCl3) δ 3.83 (s, 3H), 3.24 (d, J = 
7.7 Hz, 1H), 1.38 (qt, J = 7.7, 4.8 Hz, 1H), 0.79 – 0.68 (m, 2H), 0.59 – 0.49 (m, 2H); 13C 
NMR (100 MHz, CDCl3) δ 166.51, 115.35, 53.61, 41.45, 11.00, 4.48, 3.53; HRMS(EI) 
calcd. for (M+Na
+
), C7H9NO2+Na
+
 162.0525, found 162.0514. 
 
 2-Cyclopropyl-4,4-dimethyl-3-oxopentanenitrile (9e): (Inverse addition) 
A THF solution (5 mL) of 2-cyclopropyl-2-(phenylsulfinyl)acetonitrile 16c, 
(50 mg, 0.196 mmol) was added, drop wise, to a stirred, -78 °C, THF solution (2 M) of i-
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PrMgCl (1.1 equiv, 0.22 mmol). After 2 min pivaloyl chloride (1.0 equiv, 0.196 mmol) 
was added to the reaction and then the reaction was allowed to warm to room temperature 
over 2 h.  Saturated, aqueous NH4Cl was added the crude reaction mixture that was then 
extracted with EtOAc, dried (MgSO4), concentrated, and purified by radial 
chromatography (1:10 EtOAc/hexanes), to afford 26 mg (73%) of analytically pure 9e: 
IR (film) 2241, 1721 cm
-1
; 
1
H NMR (500 MHz, CDCl3) δ 3.44 (d, J = 8.2 Hz, 1H), 1.38 – 
1.35 (m, 1H), 1.24 (s, 9H), 0.80 – 0.74 (m, 1H), 0.72 – 0.66 (m, 1H), 0.57 – 0.52 (m, 1H), 
0.39 – 0.34 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 205.50, 116.72, 45.17, 41.37, 26.11, 
11.36, 5.28, 3.90. HRMS(EI) calcd. for (M+H
+
), C7H9NO2+H
+
 166.1232, found 
166.1216. 
 2-Benzoylbutanenitrile (9f): (Inverse Addition) A THF solution (5 mL) of 
2-(phenylsulfinyl)butanenitrile 16d, (50 mg, 0.20 mmol) was added, drop 
wise, to a stirred, -78 °C, THF solution of i-PrMgCl (1.1 equiv, 0.22 mmol). After 2 min 
benzoyl chloride (1.0 equiv) was added to the reaction and then the reaction was allowed 
to warm to room temperature over 2 h.  Saturated, aqueous NH4Cl was added the crude 
reaction mixture that was then extracted with EtOAc, dried (MgSO4), concentrated, and 
purified by radial chromatography (1:10 EtOAc/hexanes), to afford 32 mg (84%) of 
analytically pure 9f:
225
 IR (film) 3066, 2249, 1748, 1693 cm
-1
; 
1
H NMR (400 MHz, 
CDCl3) δ 7.97 (d, J = 7.4 Hz, 2H), 7.66 (t, J = 7.4 Hz, 1H), 7.53 (t, J = 7.8 Hz, 2H), 4.30 
(dd, J = 12.6, 5.6 Hz, 1H), 2.07 (ddd, J = 12.6, 7.5, 5.6 Hz, 2H), 1.17 (t, J = 7.5 Hz, 3H); 
13
C NMR (101 MHz, CDCl3) δ 190.87, 134.60, 134.19, 129.26, 128.86, 117.36, 41.62, 
23.70, 11.70. HRMS(EI) calcd. for (M+H
+
), C11H11NO+H
+
 174.0919, found 174.0908. 
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(E)-3-Phenyl-2-(phenylsulfinyl)acrylonitrile (17): Molecular sieves (4 Å, 
0.5 g); benzaldehyde (321.2 mg, 3.030 mmol, 1 equiv.) and piperidine (64.5 
mg, 0.7575 mmol, 0.25 equiv.) were sequentially added to a rt, CH3CN solution (10 mL) 
of phenylsulfinylacetonitrile 11a (500 mg, 3.030 mmol, 1 equiv.). After 22 h, the mixture 
was filtered through a  pad of Celite and washed with aqueous HCl (1% v/v, 10 mL). The 
aqueous layer was extracted with CH2Cl2 (2×30 mL). The organic layers were combined, 
dried (Na2SO4) and evaporated,  the crude nitrile was then purified by radial 
chromatography (ethyl acetate–hexane 15:85) to afford 684 mg, (94%) of analytically 
pure 17 as a pale yellow crystalline solid (m.p. 112-115 °C).
226
 IR (film), 3058, 3030, 
2207, 1598, 1573 cm
-1
; 
1
H NMR (400 MHz, CDCl3) δ 7.83 (s, 1H), 7.81 – 7.64 (m, 4H), 
7.56 – 7.44 (m, 3H), 7.43 – 7.29 (m, 3H); 13C NMR (100 MHz, CDCl3) δ 144.62, 141.27, 
132.31, 132.20, 130.89, 129.74, 129.36, 128.97, 124.68, 117.81, 112.88. HRMS(ESI) 
calcd for (M+H
+
), C16H15NOS+H
+
 254.0634, found 254.0634.  
 
(Z)-2-Benzylidenepent-4-enenitrile (19a): A THF solution of i-PrMgCl (2 
M, 1.1 equiv,  0.218 mmol) was added to a stirred, -78 °C, THF solution (5 
mL) of sulfinylnitrile 17, (50 mg, 0.198 mmol). After 15 min, allyl bromide (1.1 equiv, 
0.218 mmol) was added to the reaction and then the reaction was allowed to warm to 
room temperature over 2 h.  Saturated, aqueous NH4Cl was added, the crude reaction 
mixture was extracted with EtOAc, dried (MgSO4), concentrated, and was then purified 
by radial chromatography (1:10 EtOAc/hexanes), to afford 29 mg (86%) of 19a as an oily 
mixture of diastereomers (E:Z = 1:7) spectrally identical to material previously 
synthesized.
227
 IR (film) 3084, 2211 cm
-1
; For Z-19a: 
1
H NMR (400 MHz, CDCl3) δ 8.05 
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– 7.56 (m, 2H), 7.45 – 7.29 (m, 3H), 6.96 (s, 1H), 6.14 – 5.69 (m, 1H), 5.41 – 5.08 (m, 
2H), 3.15 (d, 2H); 
13
C NMR (100 MHz, CDCl3) δ 144.11, 133.72, 132.92, 130.20, 
129.10, 128.93, 128.73, 118.98, 109.57, 40.14. For E-19a:  
1
H NMR (400 MHz, CDCl3) 
δ 8.05 – 7.56 (m, 2H), 7.45 – 7.29 (m, 3H), 6.96 (s, 1H), 6.14 – 5.69 (m, 1H), 5.41 – 5.08 
(m, 2H), 3.21 (d, 2H); HRMS(EI) calcd for C12H11NNa+ 192.0789, found 192.0794. 
 
(E)-3-phenyl-2-(trimethylsilyl)acrylonitrile (19b): A THF solution of i-
PrMgCl (2 M, 1.1 equiv) was added to a stirred, -78 °C, THF solution (5 mL) 
of sulfinylnitrile 17, (50 mg, 0.198 mmol). After 15 min chlorotrimethylsilane (1.1 equiv, 
0.218 mmol) was added to the reaction and then the reaction was allowed to warm to 
room temperature over 2 h.  Saturated, aqueous NH4Cl was added, the crude reaction 
mixture was extracted with EtOAc,  dried (MgSO4), concentrated, and purified by radial 
chromatography (1:10 EtOAc/hexanes), to afford 33 mg (84%) of analytically pure 19b 
as an oily mixture of E/Z diastereomers (1:2 ratio) spectrally identical to material 
previously synthesized.
228
 IR (film) 3071, 3030, 2215, cm
-1
; For E-19b: 
1
H NMR (400 
MHz, CDCl3) δ 7.95-7.92 (m, 1H), 7.53 – 7.47 (m, 2H), 7.43 – 7.32 (m, 3H), 0.41 (s, 
9H); 
13
C NMR (100 MHz, CDCl3) δ 154.39, 141.85, 135.49, 130.86, 129.54, 129.12, 
128.95, 128.67, 128.58, 128.17, 127.42, 121.58, 119.53, 111.57, -1.90, -2.70. For Z-19b: 
1
H NMR (400 MHz, CDCl3) δ 7.95-7.92 (m, 1H), 7.53 – 7.47 (m, 2H), 7.43 – 7.32 (m, 
3H), -0.05 (s, 9H); 
13
C NMR (100 MHz, CDCl3) δ 154.39, 141.85, 135.49, 130.86, 
129.54, 129.12, 128.95, 128.67, 128.58, 128.17, 127.42, 121.58, 119.53, 111.57, -1.90, -
2.70. 
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(Z)-2-methyl-3-phenylacrylonitrile (19c): A THF solution of i-PrMgCl (2 M, 
1.1 equiv) was added to a stirred -78 °C, THF solution (5 mL) of sulfinylnitrile 
17, (50 mg, 0.198 mmol). After 15 min methyl iodide (1.1 equiv, 0.218 mmol) was added 
to the reaction and then the reaction was allowed to warm to room temperature over 2 h.  
Saturated, aqueous NH4Cl was added, the crude reaction mixture was extracted with 
EtOAc, dried (MgSO4), concentrated, and purified by radial chromatography (1:10 
EtOAc/hexanes), to afford 25 mg (88%) of 19c as an oily mixture of E/Z diastereomers 
(1:2 ratio) spectrally identical to material previously synthesized.
229
 IR (film) 3057, 3030, 
2214 cm
-1
; For Z-19c: 
1
H NMR (400 MHz, CDCl3) δ 7.70 (d, J = 7.2 Hz, 1H), 7.40 (dt, J 
= 12.8, 7.4 Hz, 2H), 7.33 (d, J = 7.6 Hz, 2H), 7.22 (s, 1H), 6.94 (s, 1H), 2.16 (d, J = 1.5 
Hz, 1H), 2.15 (d, J = 1.5 Hz, 2H); 
13
C NMR (100 MHz, CDCl3) δ 144.58, 134.24, 
129.95, 129.42, 128.82, 121.43, 109.78, 16.96. For E-19c:  
1
H NMR (400 MHz, CDCl3) 
δ 7.70 (d, J = 7.2 Hz, 1H), 7.40 (dt, J = 12.8, 7.4 Hz, 2H), 7.33 (d, J = 7.6 Hz, 2H), 7.22 
(s, 1H), 6.94 (s, 1H), 2.16 (d, J = 1.5 Hz, 1H), 2.16 (d, J = 1.5 Hz, 2H); 
13
C NMR (100 
MHz, CDCl3) δ 144.17, 133.94, 129.45, 128.91, 128.53, 121.43, 109.78, 16.96. 
 
(Z)-2-Deutereo-3-phenylacrylonitrile (19d): A THF solution of i-PrMgCl (2 
M, 1.1 equiv) was added to a stirred -78 °C, THF solution (5 mL) of 
sulfinylnitrile 17 (50 mg, 0.198 mmol). After 15 min CD3OD (1.1 equiv, 0.218 mmol) 
was added to the reaction and then the reaction was allowed to warm to room temperature 
over 2 h.  Saturated, aqueous NH4Cl was added, the crude reaction mixture was extracted 
with EtOAc, dried (MgSO4), concentrated, and purified by radial chromatography (1:10 
EtOAc/hexanes), to afford 22 mg (85%) of 19d spectrally identical to material previously 
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synthesized.
230
 IR (film) 3064, 3033, 2214 cm
-1
; 
1
H NMR (400 MHz, CDCl3) δ 7.81 (dd, 
J = 6.5, 2.9 Hz, 1H), 7.48 – 7.35 (m, 4H), 7.13 (s, 1H); 13C NMR (101 MHz, CDCl3) δ 
150.63, 148.73, 131.11, 129.15, 129.07, 127.49, 117.47. 
 
(Z)-2-Benzylidenepentanenitrile (19e): A THF solution of i-PrMgCl (2 M, 
1.1 equiv) was added to a stirred -78 °C, THF solution (5 mL) of 
sulfinylnitrile 17 (50 mg, 0.198 mmol). After 15 min propyl iodide (1.1 equiv, 0.218 
mmol) was added to the reaction and then the reaction was allowed to warm to room 
temperature over 2 h.  Saturated, aqueous NH4Cl was added and then the crude reaction 
mixture was extracted with EtOAc, dried (MgSO4), concentrated, and purified by radial 
chromatography (1:10 EtOAc/hexanes), to afford 28 mg (82%) of 19e as an oily mixture 
of E/Z diastereomers (1:2 ratio) spectrally identical to material previously synthesized.
231
 
IR (film) 3057, 3030, 2214 cm
-1
; For Z-19e: 
1
H NMR (500 MHz, CDCl3) δ 7.72 (d, J = 
7.6 Hz, 1H), 7.50 – 7.33 (m, 3H), 7.30 (d, J = 7.6 Hz, 1H), 6.93 (s, 1H), 2.39 (t, J = 7.7 
Hz, 2H), 1.86 – 1.56 (m, 2H), 1.00 (t, J = 7.5 Hz, 3H); 13C NMR (126 MHz, CDCl3) δ 
143.58, 133.97, 129.30, 128.92, 128.68, 118.96, 111.54, 31.43, 21.67, 13.33. For E-19e: 
1
H NMR (500 MHz, CDCl3) δ 7.72 (d, J = 7.6 Hz, 1H), 7.50 – 7.33 (m, 3H), 7.30 (d, J = 
7.6 Hz, 1H), 6.93 (s, 1H), 2.44 (t, J = 7.7 Hz, 2H), 1.86 – 1.56 (m, 2H), 0.88 (t, J = 7.5 
Hz, 3H); 
13
C NMR (126 MHz, CDCl3) δ 143.58, 134.30, 129.97, 129.23, 128.82, 120.52, 
116.10, 38.35, 21.69, 13.67. HRMS(EI) calcd for C12H13N+H
+
 172.1126, found 
172.1128. 
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(E)-2-benzylidene-3-hydroxy-3-phenylbutanenitrile (19f): A THF solution 
of i-PrMgCl (2 M, 1.1 equiv) was added to a stirred -78 °C, THF solution (5 
mL) of sulfinylnitrile 17 (50 mg, 0.198 mmol). After 15 min, acetophenone (1.1 equiv, 
0.218 mmol) was added to the reaction and then the reaction was allowed to warm to 
room temperature over 2 h.  Saturated, aqueous NH4Cl was added and then the crude 
reaction mixture was extracted with EtOAc, dried (MgSO4), concentrated, and purified 
by radial chromatography (1:10 EtOAc/hexanes), to afford 38 mg (78%) of analytically 
pure 19f: IR (film) 3340, 3067, 2213, 1641 cm
-1
; 
1
H NMR (400 MHz, CDCl3) δ 7.76 (dd, 
J = 6.5, 2.8 Hz, 2H), 7.54 (d, J = 7.3 Hz, 2H), 7.42 – 7.38 (m, 6H), 7.34 (d, J = 7.3 Hz, 
1H), 2.52 (s, 1H), 1.97 (s, 3H); 
13
C NMR (400 MHz, CDCl3) δ 143.87, 141.56, 133.27, 
130.51, 129.20, 128.95, 128.82, 128.30, 125.70, 119.19, 117.87, 75.70, 28.68. HRMS(EI) 
calcd for C12H15NO+H
+
 250.1345, found 250.1338. 
 
Butylphenyl sulfoxide (20b): Butylphenyl sulfoxide was isolated from 
the exchange reaction of sulfinyl nitrile 12d with BuLi and exhibited 
spectral data identical to the previously reported material:
232
 IR (film) 3068, 2951, 2872, 
1044 cm
-1
; 
1
H NMR (500 MHz, CDCl3) δ 7.72 – 7.58 (m, 2H), 7.58 – 7.41 (m, 3H), 2.79 
(t, J = 7.1 Hz, 2H), 1.81 – 1.67 (m, 1H), 1.67 – 1.55 (m, 1H), 1.48-1.39 (m, 2H), 0.92 (t, J 
= 7.3 Hz, 3H).  
 
Ethylphenyl sulfoxide (20c): Ethylphenyl sulfoxide was isolated from the 
exchange reaction of sulfinyl nitrile 12d with Et2BuZnLi and exhibited 
spectral data identical to the previously reported material:
232
 IR (film) 3069, 2951, 2872, 
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1044 cm
-1
; 
1
H NMR (400 MHz, CDCl3) δ 7.72 – 7.58 (m, 2H), 7.58 – 7.41 (m, 3H), 2.79 
(t, J = 7.1 Hz, 2H), 1.81 – 1.67 (m, 1H), 1.67 – 1.55 (m, 1H), 1.48-1.39 (m, 2H), 0.92 (t, J 
= 7.3 Hz, 3H). 
1
H NMR (400 MHz, CDCl3) δ 7.60 (dd, J = 7.8, 1.7 Hz, 2H), 7.55 – 7.48 
(m, 3H), 2.97 – 2.83 (m, 1H), 2.83 – 2.69 (m, 1H), 1.19 (t, J = 7.4 Hz, 3H). 13C NMR 
(101 MHz, CDCl3) δ 131.05, 129.26, 124.30, 77.48, 77.16, 76.84, 50.42, 6.11.
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8.2 Sulide-Metal Exchange 
1-(Phenylthio)cyclobutanecarbonitrile (11a): A THF solution of 
cyclobutane carbonitrile (500 mg, 6.17 mmol) was added to a -78 °C, THF 
solution of LDA (6.79 mmol). After 45 min THF solution of diphenyl disulfide (1.34 g, 
7.46 mmol) was added drop wise and then the reaction was allowed to warm to room 
temperature. After 3 h, saturated, aqueous NH4Cl was added, the organic layer was 
separated, and then the aqueous layer was extracted with EtOAc (3 x 15 mL). The 
combined organic extract was washed with brine, dried (Na2SO4), and concentrated to 
afford a crude product that was purified by flash column chromatography (1:10 hexanes: 
ethyl acetate) to afford 1.05 g (90%) of pure 11a as an oil:
207
 IR (film) 3078, 2218 cm
-1
;  
1
H NMR (400 MHz, CDCl3) δ 7.63 – 7.55 (m, 2H), 7.39 (dd, J = 5.1, 1.9 Hz, 3H), 2.77 – 
2.62 (m, 2H), 2.43 – 2.30 (m, 3H), 2.23 – 2.10 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 
134.40, 131.01, 129.43, 129.41, 129.32, 129.30, 121.92, 40.37, 34.08, 17.15; HRMS(EI) 
calcd for (M
+
), C11H11NSNa
+ 
212.0504, found  212.0518. 
1-(Phenylthio)cyclopentanecarbonitrile (11b): A THF solution of 
cyclopentane carbonitrile (500 mg, 6.17 mmol) was added to a -78 °C, THF 
solution of LDA (6.79 mmol). After 45 min THF solution of diphenyl disulfide (1.34 g, 
7.46 mmol) was added drop wise and then the reaction was allowed to warm to room 
temperature. After 3 h, saturated, aqueous NH4Cl was added, the organic layer was 
separated, and then the aqueous layer was extracted with EtOAc (3 x 15 mL). The 
combined organic extract was washed with brine, dried (Na2SO4), and concentrated to 
afford a crude product that was purified by flash column chromatography (1:10 hexanes: 
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ethyl acetate) to afford 1.05 g (90%) of pure 11b as an oil:
233
 IR (film) 3054, 2219 cm
-1
; 
1
H NMR (400 MHz, CDCl3) δ 7.72 – 7.64 (m, 2H), 7.46 – 7.36 (m, 3H), 2.16 (td, J = 
14.2, 10.3, 4.3 Hz, 2H), 2.05 – 1.90 (m, 4H), 1.83 (ddt, J = 14.2, 10.3, 4.3 Hz, 2H); 13C 
NMR (100 MHz, CDCl3) δ 135.98, 130.93, 129.97, 129.27, 122.63, 48.42, 39.03, 23.84.  
1-(phenylthio)cyclohexanecarbonitrile (11c): (A) LDA Mediated 
Alkylation: A THF solution of cyclohexanecarbonitrile (200 mg, 1.835 mmol) 
was added to a -78 °C, THF solution of LDA (1.1 equiv.). After 45 min, THF solution of 
diphenyl disulfide (330 mg, 1.835 mmol)  was added drop wise and then the reaction was 
allowed to warm to room temperature. After 3 h, saturated, aqueous NH4Cl was added, 
the organic layer was separated, and then the aqueous layer was extracted with EtOAc (3 
x 15 mL). The combined organic extract was washed with brine, dried (Na2SO4), and 
concentrated to afford a crude product that was purified by flash column chromatography 
(1:10 hexanes: ethyl acetate) to afford 357 mg (88%) of pure 11c as a yellow oil: IR 
(film) 3058, 2230 cm
-1
; 
1
H NMR (400 MHz, CDCl3) δ 7.73 – 7.64 (m, 2H), 7.49 – 7.35 
(m, 3H), 2.09 – 1.99 (m, 2H), 1.78 (dq, J = 11.8, 4.0 Hz, 2H), 1.71 – 1.51 (m, 5H), 1.35 – 
1.24 (m, 1H).; 
13
C NMR (100 MHz, CDCl3) δ 137.05, 130.17, 129.19, 128.91, 121.32, 
46.09, 36.28, 24.91, 23.29; HRMS(ESI) calcd for (M+Na
+
), C13H15NSNa
+
 240.0817, 
found 240.0840.  
(C) NaH Mediated Alkylation: Neat phenylthioacetonitrile (10a, 100 mg, 0.61 mmol) 
was added to a rt, DMF solution (10 mL) of NaH (30.5 mg, 2.1 equiv.). After 5 min neat 
1,5-dibromopentane (140 mg, 1.0 equiv.) was added. After 12 h, saturated, aqueous 
NH4Cl was added, the organic layer was separated, and then the aqueous layer was 
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extracted with EtOAc (3 x 15 mL). The combined organic extract was washed with brine, 
dried (Na2SO4), and concentrated to afford a crude product that was purified by radial 
chromatography (1:10 hexanes: ethyl acetate) to afford 88.9 mg (63%) of pure 11c as 
white crystalline solid.  
1-((2-methoxyphenyl)thio)cyclohexanecarbonitrile (11d): Neat 2-((2-
methoxyphenyl)thio)acetonitrile (10b, 100 mg, 0.61 mmol) was added to a rt, 
DMF solution (10 mL) of NaH (30.5 mg, 2.1 equiv.). After 5 min neat 1,5-
dibromopentane (140 mg, 1.0 equiv.) was added. After 12 h, saturated, aqueous NH4Cl 
was added, the organic layer was separated, and then the aqueous layer was extracted 
with EtOAc (3 x 15 mL). The combined organic extract was washed with brine, dried 
(Na2SO4), and concentrated to afford a crude product that was purified by radial 
chromatography (1:10 hexanes: ethyl acetate) to afford 88.9 mg (63%) of pure 11d as 
white crystalline solid.: IR (film) 3068, 2241, 1044 cm
-1
; 
1
H NMR (400 MHz, CDCl3) δ 
7.68 (d, J = 7.5 Hz, 1H), 7.41 (t, J = 7.5 Hz, 1H), 7.03 – 6.89 (m, 2H), 3.87 (s, 3H), 2.07 
– 1.99 (m, 2H), 1.80 – 1.52 (m, 7H), 1.33 – 1.22 (m, 1H); 13C NMR (101 MHz, CDCl3) δ 
161.14, 139.51, 132.18, 121.33, 121.08, 116.92, 111.30, 77.48, 77.16, 76.84, 55.81, 
46.39, 36.29, 24.87, 23.36.  
1-(pyridin-2-ylthio)cyclohexanecarbonitrile (11e): (A) LDA Mediated 
Alkylation: A THF solution of cyclohexanecarbonitrile (200 mg, 1.835 
mmol) was added to a -78 °C, THF solution of LDA (1.1 equiv.). After 45 min, THF 
solution of dipyridyl disulfide (330 mg, 1.835 mmol)was added drop wise and then the 
reaction was allowed to warm to room temperature. After 3 h, saturated, aqueous NH4Cl 
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was added, the organic layer was separated, and then the aqueous layer was extracted 
with EtOAc (3 x 15 mL). The combined organic extract was washed with brine, dried 
(Na2SO4), and concentrated to afford a crude product that was purified by flash column 
chromatography (1:10 hexanes: ethyl acetate) to afford 336 mg (84%) of pure 11e as a 
white crystalline solid (m.p. 99-101 °C): IR (film) 3058, 2243, cm
-1
; 
1
H NMR (400 MHz, 
CDCl3) δ 8.57 (d, J = 4.2 Hz, 1H), 7.61 (td, 1H), 7.45 (d, J = 7.9 Hz, 1H), 7.21 – 7.10 (m, 
1H), 2.41 (d, J = 11.4 Hz, 2H), 1.84 – 1.67 (m, 7H), 1.42 – 1.29 (m, 1H); 13C NMR (101 
MHz, CDCl3) δ 154.41, 149.53, 136.47, 125.53, 121.52, 120.69, 77.48, 77.16, 76.84, 
44.42, 36.03, 24.57, 22.77. 
(1S, 2R, 4S)-2-(pyridin-2-ylthio)bicyclo[2.2.1]hept-5-ene-2-carbonitrile 
(11f): A THF solution (10mL) of 5-norbornene-2-carbonitrile (500 mg, 
4.20 mmol) was added to a -78 °C, THF solution (40mL) of LDA (4.62 mmol). After 45 
min, THF solution of dipyridyl disulfide (1017 mg, 4.20 mmol) was added drop wise and 
then the reaction was allowed to warm to room temperature. After 3 h, saturated, aqueous 
NH4Cl was added, the organic layer was separated, and then the aqueous layer was 
extracted with EtOAc (3 x 15 mL). The combined organic extract was washed with brine, 
dried (Na2SO4), and concentrated to afford a crude product that was purified by flash 
column chromatography (10:1 hexanes: ethyl acetate) to afford 837 mg (82%) of an 15:1 
ratio of diastereomers 11f as yellow oil. The diastereomers were separated by radial 
chromatogrphy (99:1 hexane: ethyl acetate). 
1
H NMR (400 MHz, CDCl3) δ 8.52 (d, J = 
4.5 Hz, 1H), 7.60 – 7.44 (m, 1H), 7.22 (d, J = 8.0 Hz, 1H), 7.12 – 7.01 (m, 1H), 6.29 (dd, 
J = 5.4, 3.1 Hz, 1H), 6.05 (dd, J = 5.3, 3.0 Hz, 1H), 3.86 (s, 1H), 3.08 (s, 1H), 2.70 (dd, J 
= 13.0, 3.6 Hz, 1H), 1.85 (d, J = 9.5 Hz, 1H), 1.76 (d, J = 9.8 Hz, 1H), 1.52 (dd, J = 13.0, 
 147 
2.8 Hz, 1H); 
13
C NMR (101 MHz, CDCl3) δ 156.60, 149.78, 138.65, 136.39, 132.80, 
123.80, 123.09, 120.93, 77.48, 77.16, 76.84, 52.66, 48.03, 45.06, 42.36, 42.10. 
 (1S,2S,4S)-2-(pyridin-2-ylthio)bicyclo[2.2.1]hept-5-ene-2-carbonitrile 
(11g): A THF solution (10mL) of 5-norbornene-2-carbonitrile (500 mg, 
4.20 mmol) was added to a -78 °C, THF solution (40mL) of LDA (4.62 mmol). After 45 
min, THF solution of dipyridyl disulfide (1017 mg, 4.20 mmol) was added drop wise and 
then the reaction was allowed to warm to room temperature. After 3 h, saturated, aqueous 
NH4Cl was added, the organic layer was separated, and then the aqueous layer was 
extracted with EtOAc (3 x 15 mL). The combined organic extract was washed with brine, 
dried (Na2SO4), and concentrated to afford a crude product that was purified by flash 
column chromatography (10:1 hexanes: ethyl acetate) to afford 837 mg (82%) of an 15:1 
ratio of diastereomers 11g as yellow oil. The diastereomers were separated by radial 
chromatogrphy (99:1 hexane: ethyl acetate). 
1
H NMR (400 MHz, CDCl3) δ 8.55 (d, J = 
4.4 Hz, 1H), 7.62 – 7.53 (m, 1H), 7.36 – 7.26 (m, 2H), 7.15 – 7.07 (m, 1H), 6.43 (dd, J = 
5.4, 2.9 Hz, 1H), 6.31 (dd, J = 5.3, 3.0 Hz, 1H), 3.61 (s, 1H), 3.05 (s, 1H), 2.12 (s, 2H), 
1.93 (d, J = 9.3 Hz, 1H), 1.65 (d, J = 9.3 Hz, 1H). 
13
C NMR (101 MHz, CDCl3) δ 156.08, 
149.77, 140.45, 136.50, 133.76, 123.80, 122.64, 121.10, 77.48, 77.16, 76.84, 51.38, 
46.62, 44.81, 43.01, 42.68. 
2-methyl-2-(pyridin-2-ylthio)butanenitrile (11h): A THF solution (10 mL) 
of 2-methylbutanenitrile (200 mg, 2.02 mmol) was added to a -78 °C, THF 
solution (10 mL) of LDA (2.22 mmol). After 45 min, THF solution of dipyridyl disulfide 
(444 mg, 2.02 mmol) was added drop wise and then the reaction was allowed to warm to 
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room temperature. After 3 h, saturated, aqueous NH4Cl was added, the organic layer was 
separated, and then the aqueous layer was extracted with EtOAc (3 x 15 mL). The 
combined organic extract was washed with brine, dried (Na2SO4), and concentrated to 
afford a crude product that was purified by flash column chromatography (10:1 hexanes: 
ethyl acetate) to afford 295 mg (76%) of pure 11h as pale yellow oil: IR (film) 3056, 
2209 cm
-1
;  
1
H NMR (500 MHz, CDCl3) δ 8.55 (d, J = 3.6 Hz, 1H), 7.60 (t, J = 7.6 Hz, 
1H), 7.40 (d, J = 7.3 Hz, 1H), 7.18 – 7.12 (m, 1H), 2.17 – 2.08 (m, 1H), 2.03 – 1.94 (m, 
1H), 1.78 (s, 3H), 1.18 (t, J = 7.4 Hz, 3H); 
13
C NMR (126 MHz, CDCl3) δ 154.76, 
149.70, 136.58, 125.69, 121.66, 121.28, 77.42, 77.16, 76.90, 43.70, 32.97, 25.06, 9.26.  
 2-phenyl-2-(pyridin-2-ylthio)butanenitrile (11i): A THF solution (10mL) 
of 2-phenylbutyronitrile (300 mg, 2.07 mmol) was added to a -78 °C, THF 
solution (20 mL) of LDA (2.28 mmol). After 45 min, THF solution of dipyridyl disulfide 
(456 mg, 2.07 mmol) was added drop wise and then the reaction was allowed to warm to 
room temperature. After 3 h, saturated, aqueous NH4Cl was added, the organic layer was 
separated, and then the aqueous layer was extracted with EtOAc (3 x 15 mL). The 
combined organic extract was washed with brine, dried (Na2SO4), and concentrated to 
afford a crude product that was purified by flash column chromatography (1:10 hexanes: 
ethyl acetate) to afford 415 mg (79%) of pure 11i as yellow oil: IR (film) 3060, 2233 cm
-
1
;  
1
H NMR (400 MHz, CDCl3) δ 8.42 (d, J = 4.2 Hz, 1H), 7.63 (d, J = 7.6 Hz, 2H), 7.52 
– 7.43 (m, 1H), 7.36 – 7.22 (m, 4H), 7.06 (dd, J = 7.1, 5.1 Hz, 1H), 2.50 (dq, J = 14.5, 7.3 
Hz, 1H), 2.27 (dq, J = 14.5, 7.3 Hz, 1H), 1.02 (t, J = 7.3 Hz, 3H); 
13
C NMR (101 MHz, 
CDCl3) δ 154.73, 149.89, 136.68, 136.23, 128.72, 128.50, 126.72, 125.99, 122.01, 
119.83, 77.48, 77.16, 76.84, 53.17, 34.93, 9.96.   
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 2-cyclohexyl-2-phenyl-2-(pyridin-2-ylthio)acetonitrile (11j): A 
THF solution (10mL) of 2-phenylbutyronitrile (300 mg, 1.51 mmol) 
was added to a -78 °C, THF solution (20 mL) of LDA (1.66 mmol). After 45 min, THF 
solution of dipyridyl disulfide (332 mg, 1.51 mmol) was added drop wise and then the 
reaction was allowed to warm to room temperature. After 3 h, saturated, aqueous NH4Cl 
was added, the organic layer was separated, and then the aqueous layer was extracted 
with EtOAc (3 x 15 mL). The combined organic extract was washed with brine, dried 
(Na2SO4), and concentrated to afford a crude product that was purified by flash column 
chromatography (10:1 hexanes: ethyl acetate) to afford 334 mg (72%) of pure 11j as 
white solide (m.p. 61-63 °C): IR (film) 3060, 2233 cm
-1
;  
1
H NMR (500 MHz, CDCl3) δ 
8.28 (d, J = 3.9 Hz, 1H), 7.57 (d, J = 7.8 Hz, 2H), 7.34 (t, J = 7.7 Hz, 1H), 7.24 (t, J = 7.3 
Hz, 2H), 7.18 (d, J = 6.7 Hz, 1H), 7.11 (d, J = 7.9 Hz, 1H), 6.96 – 6.89 (m, 1H), 2.35 (d, 
J = 12.4 Hz, 1H), 2.13 (t, J = 10.3 Hz, 1H), 1.86 (d, J = 12.9 Hz, 1H), 1.70 – 1.61 (m, 
2H), 1.52 – 1.40 (m, 2H), 1.35 – 1.23 (m, 1H), 1.22 – 1.08 (m, 3H); 13C NMR (126 MHz, 
CDCl3) δ 154.58, 149.49, 136.22, 136.16, 128.09, 127.85, 127.08, 125.86, 121.49, 
119.25, 77.42, 77.16, 76.91, 58.07, 48.16, 29.39, 28.42, 26.00, 25.93, 25.58.   
 
 3-phenyl-2-(pyridin-2-ylthio)propanenitrile (11k): A THF solution (10 
mL) of 2-(pyridin-2-ylthio)acetonitrile (1.0 g, 6.67 mmol) was added to a -
78 °C, THF solution (100 mL) with 192 mg of NaH (1.2 equiv). After 15 min neat benzyl 
bromide (1.14 g, 6.67 mmol) was quickly added. After 2 h, saturated, aqueous NH4Cl 
was added to the cold reaction mixture, the organic layer was separated, and then the 
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aqueous layer was extracted with EtOAc (3 x 15 mL). The combined organic extract was 
washed with brine, dried (Na2SO4), and concentrated to afford a crude product that was 
purified by flash column chromatography (20:1 hexanes: ethyl acetate) to afford 1.12 g 
(62 %) of pure 11k as an oil: IR (film) 3062, 2236 cm
-1
; 
1
H NMR (400 MHz, CDCl3) δ 
8.48 (d, J = 4.5 Hz, 1H), 7.53 (td, 1H), 7.40 – 7.32 (m, 4H), 7.32 – 7.27 (m, 1H), 7.18 (d, 
J = 8.0 Hz, 1H), 7.10 – 7.03 (m, 1H), 5.07 (dd, J = 8.6, 6.0 Hz, 1H), 3.34 – 3.17 (m, 2H); 
13
C NMR (101 MHz, CDCl3) δ 154.68, 149.79, 136.75, 135.96, 129.41, 128.86, 127.84, 
122.54, 120.86, 119.43, 77.48, 77.16, 76.84, 38.56, 33.08. 
 2-benzyl-8-chloro-2-(pyridin-2-ylthio)octanenitrile (11l): 
A THF solution (10mL) of 3-phenyl-2-(pyridin-2-
ylthio)propanenitrile (11k) (250 mg, 1.04 mmol) was added to a -78 °C, THF solution 
(40mL) of LDA (1.09 mmol). After 45 min neat 1-chloro-6-iodohexane (269 mg, 1.09 
mmol) was added drop wise and then the reaction was allowed to warm to room 
temperature. After 6 h, saturated, aqueous NH4Cl was added to the cold reaction mixture, 
the organic layer was separated, and then the aqueous layer was extracted with EtOAc (3 
x 15 mL). The combined organic extract was washed with brine, dried (Na2SO4), and 
concentrated to afford a crude product that was purified by flash column chromatography 
(1:50 ethyl acetate: hexanes) to afford 336 mg (90%) of pure 11l as an oil: IR (film) 
3065, 2228, 1734, cm
-1
;  
1
H NMR (400 MHz, CDCl3) 1H NMR (400 MHz, Chloroform-
d) δ 8.58 (d, J = 4.3 Hz, 1H), 7.61 – 7.53 (m, 1H), 7.37 (d, J = 7.9 Hz, 1H), 7.34 – 7.25 
(m, 5H), 7.17 – 7.11 (m, 1H), 3.48 (t, J = 6.6 Hz, 2H), 3.44 (dd, J = 84 Hz, J = 13.8 Hz, 
2H), 2.00 – 1.83 (m, 2H), 1.78 – 1.63 (m, 4H), 1.47 – 1.35 (m, 2H). 13C NMR (101 MHz, 
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CDCl3) δ 154.91, 149.83, 136.73, 134.30, 130.63, 128.25, 127.57, 125.87, 121.81, 
120.30, 77.48, 77.16, 76.84, 48.77, 44.67, 43.25, 36.33, 32.02, 26.37, 24.21.   
 2-benzyl-2-(pyridin-2-ylthio)nonanedinitrile (11m): A 
THF solution (10mL) of 3-phenyl-2-(pyridin-2-
ylthio)propanenitrile (11k) (250 mg, 1.04 mmol) was added to a -78 °C, THF solution 
(40mL) of LDA (1.09 mmol). After 45 min neat 7-chloroheptonitrile (160 mg, 1.09 
mmol) was added drop wise and then the reaction was allowed to warm to room 
temperature. After 6 h, saturated, aqueous NH4Cl was added to the cold reaction mixture, 
the organic layer was separated, and then the aqueous layer was extracted with EtOAc (3 
x 15 mL). The combined organic extract was washed with brine, dried (Na2SO4), and 
concentrated to afford a crude product that was purified by flash column chromatography 
(1:50 ethyl acetate: hexanes) to afford 298 mg (82%) of pure 11m as an oil: IR (film) 
3065, 2228 cm
-1
;  
1
H NMR (400 MHz, CDCl3) δ 8.59 (d, J = 4.3 Hz, 1H), 7.64 – 7.55 (m, 
1H), 7.38 (d, J = 7.9 Hz, 1H), 7.35 – 7.27 (m, 5H), 7.19 – 7.14 (m, 1H), 3.44 (dd, J = 
98.4, 13.8 Hz, 2H), 2.28 (t, J = 7.0 Hz, 2H), 1.97 – 1.80 (m, 2H), 1.68 – 1.54 (m, 4H), 
1.46 – 1.38 (m, 2H), 1.34 – 1.26 (m, 2H); 13C NMR (101 MHz, CDCl3) δ 154.87, 149.81, 
136.74, 134.28, 130.60, 128.21, 127.53, 125.84, 121.80, 120.31, 119.61, 77.48, 77.16, 
76.84, 48.74, 43.20, 36.28, 28.12, 27.65, 24.97, 24.55, 16.87. HRMS(EI) calcd. for 
(M+H
+
), C22H24N2S+H
+
 349.1738, found 349.1731. 
 Methyl 8-cyano-9-phenyl-8-(pyridin-2-
ylthio)nonanoate (11n): A THF solution (10mL) of 3-
phenyl-2-(pyridin-2-ylthio)propanenitrile (11k) (250 mg, 1.04 mmol) was added to a -78 
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°C, THF solution (40mL) of LDA (1.09 mmol). After 45 min neat methyl 7-
bromoheptoate (244 mg, 1.09 mmol) was added drop wise and then the reaction was 
allowed to warm to room temperature. After 6 h, saturated, aqueous NH4Cl was added to 
the cold reaction mixture, the organic layer was separated, and then the aqueous layer 
was extracted with EtOAc (3 x 15 mL). The combined organic extract was washed with 
brine, dried (Na2SO4), and concentrated to afford a crude product that was purified by 
flash column chromatography (1:50 ethyl acetate: hexanes) to afford 342 mg (86%) of 
pure 11n as an oil: IR (film) 3065, 3035, 2228, 1734 cm
-1
;  
1
H NMR (400 MHz, CDCl3) 
δ 8.59 (d, J = 4.2 Hz, 1H), 7.64 – 7.55 (m, 1H), 7.39 (d, J = 7.9 Hz, 1H), 7.34 – 7.28 (m, 
5H), 7.19 – 7.14 (m, 1H), 3.65 (s, 3H), 3.44 (d, J = 76.7 Hz, 2H), 2.28 (t, J = 7.5 Hz, 2H), 
1.95 – 1.82 (m, 2H), 1.68 – 1.56 (m, 4H), 1.33 – 1.27 (m, 4H); 13C NMR (101 MHz, 
CDCl3) δ 173.99, 155.07, 149.90, 136.76, 134.43, 130.71, 128.28, 127.58, 126.01, 
121.84, 120.47, 77.48, 77.16, 76.84, 51.42, 48.90, 43.28, 36.52, 33.88, 28.88, 28.74, 
24.79, 24.68. HRMS(EI) calcd. for (M+H
+
), C23H27NO2S+H
+
 382.1814, found 382.1819.  
2-(pyridin-2-ylthio)acetonitrile (10c): 2-Mercaptopyridine (1 g, 9.0 
mmol) and sodium carbonate (1.43 g, 1.5 equiv.) was dissolved in 500 ml 
of acetone. The reaction was stirred for 15 min before chlroacetonitrile (681 mg, 1.0 
equiv) was added and reaction was refluxed. After 6 h, reaction was cooled to room 
temperature and solvent was removed under vacuum. Residue was dissolved in 50 ml 
aqueous NH4Cl solution and the aqueous layer was extracted with CH2Cl2 (2×30 mL). 
The organic layers were combined, dried (Na2SO4) and evaporated, the crude nitrile was 
then purified by radial chromatography (ethyl acetate–hexane 15:85) to afford 684 mg, 
(94%) of analytically pure 10c as a pale yellow oil. IR (film), 3058, 3030, 2207, 1598, 
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1573 cm
-1
; 
1
H NMR (400 MHz, CDCl3) δ 8.44 (d, J = 4.5 Hz, 1H), 7.51 (t, J = 7.6 Hz, 
1H), 7.17 (d, J = 8.0 Hz, 1H), 7.08 – 6.99 (m, 1H), 3.98 (s, 2H); 13C NMR (101 MHz, 
CDCl3) δ 153.90, 149.53, 136.52, 121.96, 120.57, 117.15, 77.48, 77.16, 76.84, 15.05. 
(E)-3-phenyl-2-(pyridin-2-ylthio)acrylonitrile (11l): Molecular sieves (4 
Å, 0.5 g); benzaldehyde (321.2 mg, 3.030 mmol, 1 equiv.) and piperidine 
(64.5 mg, 0.7575 mmol, 0.25 equiv.) were sequentially added to a rt, CH3CN solution (10 
mL) of 2-(pyridin-2-ylthio)acetonitrile 10c (500 mg, 3.030 mmol, 1 equiv.). After 22 h, 
the mixture was filtered through a  pad of Celite and washed with aqueous HCl (1% v/v, 
10 mL). The aqueous layer was extracted with CH2Cl2 (2×30 mL). The organic layers 
were combined, dried (Na2SO4) and evaporated, the crude nitrile was then purified by 
radial chromatography (ethyl acetate–hexane 15:85) to afford 684 mg, (94%) of 
analytically pure 11l as a pale yellow crystalline solid (m.p. 112-115 °C).
234
 IR (film), 
3058, 3030, 2207, 1598, 1573 cm
-1
; 
1
H NMR (400 MHz, CDCl3) δ 8.52 (dd, 1H), 7.91 – 
7.83 (m, 2H), 7.66 – 7.62 (m, 1H), 7.61 (s, 1H), 7.48 – 7.44 (m, 3H), 7.32 (d, J = 8.0 Hz, 
1H), 7.16 – 7.12 (m, 1H). 13C NMR (101 MHz, CDCl3) δ 156.15, 152.88, 150.36, 137.27, 
132.96, 131.69, 129.51, 129.14, 122.70, 121.55, 116.98, 100.68, 77.48, 77.16, 76.84. 
General Sulfide-Lithium-Exchange-Alkylation Procedure: A hexane solution of the 
BuLi (1.05 equiv, 2.5M) was added to a stirred, -78 °C, THF solution of the thionitrile. 
After 5 min neat electrophile (1.0 equiv) was added to the reaction and then the reaction 
was allowed to warm to room temperature over 2 h.  Saturated, aqueous NH4Cl was 
added, the crude reaction mixture was then extracted with EtOAc, dried (MgSO4), 
concentrated, and purified by radial chromatography to afford analytically pure material.  
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 1-Benzylcyclobutanecarbonitrile (13a): The general exchange-alkylation 
procedure was employed with 11a (50 mg, 0.26 mmol)  and benzyl bromide 
(49 mg, 0.29 mmol) to afford, after purification by radial chromatography (1:10 
EtOAc/hexanes), 41 mg (99%) of 13a as an oil:
235
 IR (film) 3065, 2234 cm
-1
; 
1
H NMR 
(400 MHz, CDCl3) δ 7.41 – 7.26 (m, 5H), 3.01 (s, 2H), 2.47 (tdd, J = 9.3, 5.8, 3.1 Hz, 
2H), 2.26 – 2.15 (m, 3H), 2.09 – 1.97 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 135.95, 
129.53, 128.56, 127.27, 124.55, 43.28, 36.89, 31.73, 16.65, 0.03; HRMS(EI) calcd for 
C12H13NNa
+ 
194.0940, found 192.0954.  
 1-Benzylcyclopentanecarbonitrile (13b): The general exchange-alkylation 
procedure was employed with 11b (50 mg, 0.246 mmol)  and benzyl bromide 
(44 mg, 0.25 mmol) to afford, after purification by radial chromatography (1:10 
EtOAc/hexanes), 38 mg (90%) of 13b as an oil:
236
 IR (film) 3066, 2232, 1603 cm
-1
; 
1
H 
NMR (400 MHz, CDCl3) δ 7.41 – 7.27 (m, 5H), 2.88 (s, 2H), 2.09 – 2.01 (m, 2H), 1.93 – 
1.67 (m, 6H); 
13
C NMR(100 MHz, CDCl3)  δ 23.78, 37.71, 43.49, 44.49, 124.95, 127.23, 
128.46, 129.84, 136.58; HRMS(EI) calcd for C13H15N+Na
+  
208.1102, found 208.1114. 
 1-Benzylcyclohexanecarbonitrile (13c): The general exchange-alkylation 
procedure was employed with 11c (50 mg, 0.23 mmol)  and benzyl bromide (43 
mg, 0.24 mmol) to afford, after purification by radial chromatography (1:10 
EtOAc/hexanes), 41 mg (96%) of 13c as an oil:
212
 IR (film) 3058, 2206 cm
-1
;  
1
H NMR 
(500 MHz, CDCl3) δ 7.35 – 7.24 (m, 5H), 2.81 (s, 1H), 1.90 (d, J = 13.3 Hz, 2H), 1.78 – 
1.68 (m, 4H), 1.59 (qd, J = 13.3, 3.5 Hz, 3H), 1.30 (td, J = 13.3, 3.5 Hz, 2H), 1.14-
1.24(m, 1H); 
13
C NMR (100 MHz, CDCl3) δ 135.32, 130.44, 128.37, 127.30, 123.35, 
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46.53, 40.27, 35.67, 25.38, 23.09; HRMS(EI) calcd for (M+H
+
), C14H18N
+
 200.1439, 
found 200.1424.  
 1-Cinnamylcyclohexanecarbonitrile (13d): The general exchange-
alkylation procedure was employed 11c (50 mg, 0.23 mmol)  and cinnamyl 
bromide (48 mg, 0.22 mmol) to afford, after purification by radial chromatography (1:10 
EtOAc/hexanes), 43 mg (90%) of 13d a white solid (m.p. 62-63 °C):
216
 IR (film) 3055, 
2226, 1597 cm
-1
; 
1
H NMR (500 MHz, CDCl3) δ 7.42 – 7.34 (m, 2H), 7.33 – 7.28 (m, 
2H), 7.25 – 7.21 (m, 1H), 6.50 (d, J = 15.6 Hz, 1H), 6.28 (dt, J = 15.6, 7.5 Hz, 1H), 2.44 
(dd, J = 7.5, 1.3 Hz, 2H), 2.09 – 1.93 (m, 2H), 1.84 – 1.56 (m, 5H), 1.29 (td, J = 13.2, 3.6 
Hz, 2H), 1.14-1.24 (m, 1H); 
13
C NMR (125 MHz, CDCl3) δ 136.96, 128.70, 127.73, 
126.46, 123.55, 43.98, 39.45, 35.64, 25.47, 23.17; HRMS(EI) calcd for HRMS(EI) calcd 
for (M+), C16H19N+ 225.1512, found 225.1494. 
 1-(hydroxy(phenyl)methyl)cyclohexanecarbonitrile (13e): The general 
exchange-alkylation procedure was employed with 11c (50 mg, 0.23 mmol)  
and benzaldehyde (26 mg, 0.24 mmol) to afford, after purification by radial 
chromatography (1:10 EtOAc/hexanes), 24 mg (86%) of 13e as an oil:
216
 IR (film) 3289, 
2234, 2123 cm
-1
; 
1
H NMR (400 MHz, CDCl3) δ 2.47 (d, J = 2.7 Hz, 2H), 2.16 (t, J = 2.7 
Hz, 1H), 2.09 – 2.00 (m, 2H), 1.81 – 1.71 (m, 3H), 1.63 (qt, J = 13.5, 3.4 Hz, 2H), 1.39 
(td, J = 13.5, 3.4 Hz, 2H), 1.23 – 1.11 (m, 1H); 13C NMR (400 MHz, CDCl3) δ 122.72, 
78.25, 72.51, 38.83, 34.88, 30.44, 25.13, 23.07; HRMS(EI) calcd for (M-H),C10H12N+ 
146.0963, found 146.0987.  
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 1-(2-Phenyloxiran-2-yl)cyclohexanecarbonitrile (13f): The general 
exchange-alkylation procedure was employed with 11c (50 mg, 0.23 mmol)  
and 2-bromoacetophenone (48 mg, 0.24mmol) to afford, after purification by radial 
chromatography (1:10 EtOAc/hexanes), 44 mg (88 %) of 13f as an oil: IR (film) 3060, 
2234 cm
-1
;  
1
H NMR (400 MHz, CDCl3) δ 7.43 (dd, J = 6.8, 2.9 Hz, 2H), 7.34-7.36 (m, 
3H), 3.37 (d, J = 4.7 Hz, 1H), 2.79 (d, J = 4.7 Hz, 1H), 2.04 – 1.86 (m, 2H), 1.82 – 1.50 
(m, 5H), 1.47 – 1.31 (m, 2H), 1.01-1.10 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 135.94, 
128.70, 128.56, 128.00, 121.00, 62.98, 51.16, 44.32, 32.15, 30.79, 24.83, 22.86, 22.65. 
HRMS(ESI) calcd for (M+Na
+
), C15H17NO+Na
+
 250.1202, found 250.1186.  
 1-Propylcyclohexanecarbonitrile (13g): The general exchange-alkylation 
procedure was employed with 11c (50 mg, 0.24 mmol)  and propyl bromide 
(30 mg, 0.24 mmol) to afford, after purification by radial chromatography (1:10 
EtOAc/hexanes), 28 mg (87%) of 13g as an oil:
237
 IR (film) 2229, cm
-1
; 
1
H NMR (400 
MHz, CDCl3) δ 1.97 (d, J = 12.7 Hz, 2H), 1.79 – 1.45 (m, 8H), 1.25-1.17 (m, 4H), 0.96 
(t, J = 6.6 Hz, 3H); 
13
C NMR(100 MHz, CDCl3): δ 124.04, 42.95, 39.17, 35.87, 25.64, 
23.23, 17.87, 14.36; HRMS(EI) calcd for (M+Na+), C10H17NNa+ 174.1253, found 
174.1254.  
 (1RS, 2SR, 4RS)-2-Benzylbicyclo[2.2.1]hept-5-ene-2-carbonitrile (13h): 
The general exchange-alkylation procedure was employed with 11f (50 mg, 
0.2057 mmol) and benzyl bromide (37 mg, 1.05 equiv.) to afford, after purification by 
radial chromatography (1:10 EtOAc/hexanes), 43 mg (96%) of 13h as an oil spectrally 
identical material is previously synthesized.
238
 
 
IR (film) 3056, 2209, 1641 cm
-1
; 
1
H NMR 
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(400 MHz, CDCl3) δ 7.39 – 7.27 (m, 5H), 6.35 (dd, J = 5.7, 3.1 Hz, 1H), 6.23 (dd, J = 
5.7, 3.1 Hz, 1H), 3.10 – 2.90 (m, 4H), 1.87 (dd, J = 12.2, 3.3 Hz, 1H), 1.71 – 1.58 (m, 
3H); 
13
C NMR (100 MHz, CDCl3) δ 139.73, 136.48, 135.27, 130.12, 128.62, 127.39, 
125.16, 49.35, 45.97, 44.63, 43.48, 43.05, 40.84. 
General Sulfide-Magnesium-Exchange-Alkylation Procedure: A hexane solution of 
the BuLi (1.05 equiv, 2.5M) was added to a stirred, -78 °C, THF solution of the Bu2Mg 
(1.05 equiv, 1M). After 5 min, this solution of magnesiate complex was added to a THF 
solution of thionitrile, reaction was allow to stirr for 5 min before neat electrophile (1.0 
equiv) was added to the reaction and then the reaction was allowed to warm to room 
temperature over 2 h.  Saturated, aqueous NH4Cl was added, the crude reaction mixture 
was then extracted with EtOAc, dried (MgSO4), concentrated, and purified by radial 
chromatography to afford analytically pure material.  
 2-Benzyl-2-methylbutanenitrile (13i): The general exchange-alkylation 
procedure was employed with 11h (50 mg, 0.23 mmol)  and benzyl bromide 
(40 mg, 0.24 mmol) to afford, after purification by radial chromatography (1:10 
EtOAc/hexanes), 38 mg (90%) of 13i as an oil exhibiting spectral prperties parallel to 
what of material previously reported:
239
 IR (film) 2209, 1641 cm
-1
; 
1
H NMR (400 MHz, 
CDCl3) δ 7.40 – 7.26 (m, 5H), 2.83 (dd, J = 76.0, 12.0 Hz, 2H), 1.79 – 1.62 (m, 1H), 1.58 
– 1.50 (m, 1H), 1.26 (s, 3H), 1.12 (t, J = 7.5 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 
135.70, 130.45, 128.49, 127.39, 124.03, 45.16, 38.63, 32.42, 23.42, 9.49.  
 2-Benzyl-2-methylbutanenitrile (13j): The general exchange-alkylation 
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procedure was employed with 11i (50 mg, 0.23 mmol)  and benzyl bromide (40 mg, 0.24 
mmol) to afford, after purification by radial chromatography (1:10 EtOAc/hexanes), 38 
mg (90%) of 13j as an oil exhibiting spectral prperties parallel to what of material 
previously reported:
240
 IR (film) 2209, 1641 cm
-1
; 
1
H NMR (400 MHz, CDCl3) δ 7.40 – 
7.26 (m, 5H), 2.83 (dd, J = 76.0, 12.0 Hz, 2H), 1.79 – 1.62 (m, 1H), 1.58 – 1.50 (m, 1H), 
1.26 (s, 3H), 1.12 (t, J = 7.5 Hz, 3H); 
13
C NMR (100 MHz, CDCl3) δ 135.70, 130.45, 
128.49, 127.39, 124.03, 45.16, 38.63, 32.42, 23.42, 9.49.  
 2-Benzyl-2-methylbutanenitrile (13k): The general exchange-alkylation 
procedure was employed with 11j (50 mg, 0.23 mmol)  and benzyl bromide 
(40 mg, 0.24 mmol) to afford, after purification by radial chromatography 
(1:10 EtOAc/hexanes), 38 mg (90%) of 13k as an oil exhibiting spectral prperties parallel 
to what of material previously reported:
241
 IR (film) 2209, 1641 cm
-1
; 
1
H NMR (400 
MHz, CDCl3) δ 7.40 – 7.26 (m, 5H), 2.83 (dd, J = 76.0, 12.0 Hz, 2H), 1.79 – 1.62 (m, 
1H), 1.58 – 1.50 (m, 1H), 1.26 (s, 3H), 1.12 (t, J = 7.5 Hz, 3H); 13C NMR (100 MHz, 
CDCl3) δ 135.70, 130.45, 128.49, 127.39, 124.03, 45.16, 38.63, 32.42, 23.42, 9.49. 
 
 1-Benzylcyclohexanecarbonitrile (13c): The general sulfide-magnesium-
exchange-alkylation procedure was employed with 11e (50 mg, 0.23 mmol)  
and benzyl bromide (43 mg, 0.24 mmol) to afford, after purification by radial 
chromatography (1:10 EtOAc/hexanes), 41 mg (96%) of 13c as an oil:
212
 IR (film) 3058, 
2206 cm
-1
;  
1
H NMR (500 MHz, CDCl3) δ 7.35 – 7.24 (m, 5H), 2.81 (s, 1H), 1.90 (d, J = 
13.3 Hz, 2H), 1.78 – 1.68 (m, 4H), 1.59 (qd, J = 13.3, 3.5 Hz, 3H), 1.30 (td, J = 13.3, 3.5 
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Hz, 2H), 1.14-1.24(m, 1H); 
13
C NMR (100 MHz, CDCl3) δ 135.32, 130.44, 128.37, 
127.30, 123.35, 46.53, 40.27, 35.67, 25.38, 23.09; HRMS(EI) calcd for (M+H
+
), 
C14H18N
+
 200.1439, found 200.1424.  
 1-Isopropylcyclohexanecarbonitrile (13l): The general exchange-alkylation 
procedure was employed with 11e (50 mg, 0.23 mmol)  and isopropyl iodide (41 
mg, 0.24 mmol) to afford, after purification by radial chromatography (1:10 
EtOAc/hexanes), 29 mg (90%) of 13l as an oil:
242
 IR (film) 2209 cm
-1
;  
1
H NMR (400 
MHz, CDCl3) δ 2.01 (dd, J = 13.9, 4.1 Hz, 2H), 1.80 – 1.70 (m, 2H), 1.66 – 1.57 (m, 3H), 
1.27 – 1.21 (m, 3H), 1.05 (d, J = 6.8 Hz, 6H), 0.88 – 0.85 (m, 1H); 13C NMR (100 MHz, 
CDCl3): δ 17.86, 23.26, 25.36, 33.22, 36.22, 43.69, 122.94; HRMS(EI) calcd for 
(M+Na
+
), C10H17N+Na
+
 174.1253, found 174.1256. 
Methyl 1-cyanocyclohexanecarboxylate (13m): The general exchange-
alkylation procedure was employed with 11e (50 mg, 0.23 mmol)  and methyl 
cyanoformate (24 mg, 0.24 mmol) to afford, after purification by radial chromatography 
(1:10 EtOAc/hexanes), 33 mg (91%) of 13m as an oil:
243
 IR (film) 2239, 1736 cm
-1
; 
1
H 
NMR (400 MHz, CDCl3) δ 3.81 (s, 3H), 2.11 (d, J = 13.2 Hz, 2H), 1.90 – 1.62 (m, 7H), 
1.28 – 1.22 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 170.03, 119.30, 53.56, 45.44, 33.06, 
24.72, 22.33; HRMS(EI) calcd for (M+), C9H13NO2+ 167.0941, found 167.0938.  
 
 1-(5-chloropentanoyl)cyclohexanecarbonitrile (13n): The general 
exchange-alkylation procedure was employed with 11e (50 mg, 0.21 
mmol)  and 2-cyclohexenone (22 mg, 0.22 mmol) to afford, after purification by radial 
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chromatography (1:10 EtOAc/hexanes), 38 mg (88 %) of 13n pale yellow oil: IR (film) 
3058, 2230, 1716 cm
-1
; 
1
H NMR (400 MHz, Chloroform-d) 
1
H NMR (400 MHz, 
Chloroform-d) δ 3.55 (t, 2H), 2.84 (t, 2H), 1.98 (d, J = 9.7 Hz, 2H), 1.81 – 1.76 (m, 9H), 
1.68 – 1.62 (m, 3H).; 13C NMR (400 MHz, CDCl3) δ 203.99, 120.63, 77.48, 77.16, 76.84, 
51.34, 44.60, 38.35, 32.25, 31.75, 24.80, 22.47, 20.99. 
 (1RS, 2SR, 4RS)-2-Benzylbicyclo[2.2.1]hept-5-ene-2-carbonitrile 
(13h): The general exchange-alkylation procedure was employed with 
11f (50 mg, 0.2057 mmol) and benzyl bromide (37 mg, 1.05 equiv.) to afford, after 
purification by radial chromatography (1:10 EtOAc/hexanes), 43 mg (96%) of 13h as an 
oil spectrally identical material is previously synthesized.
244
 
 
IR (film) 3056, 2209, 1641 
cm
-1
; 
1
H NMR (400 MHz, CDCl3) δ 7.39 – 7.27 (m, 5H), 6.35 (dd, J = 5.7, 3.1 Hz, 1H), 
6.23 (dd, J = 5.7, 3.1 Hz, 1H), 3.10 – 2.90 (m, 4H), 1.87 (dd, J = 12.2, 3.3 Hz, 1H), 1.71 
– 1.58 (m, 3H); 13C NMR (100 MHz, CDCl3) δ 139.73, 136.48, 135.27, 130.12, 128.62, 
127.39, 125.16, 49.35, 45.97, 44.63, 43.48, 43.05, 40.84.  
(E)-2-benzylidene-3-hydroxy-3-phenylbutanenitrile (19f): A THF solution 
of i-PrMgCl (2 M, 1.1 equiv) was added to a stirred -78 °C, THF solution (5 
mL) of sulfinylnitrile 17 (50 mg, 0.198 mmol). After 15 min, acetophenone 
(1.1 equiv, 0.218 mmol) was added to the reaction and then the reaction was allowed to 
warm to room temperature over 2 h.  Saturated, aqueous NH4Cl was added and then the 
crude reaction mixture was extracted with EtOAc, dried (MgSO4), concentrated, and 
purified by radial chromatography (1:10 EtOAc/hexanes), to afford 38 mg (78%) of 
analytically pure 19f: IR (film) 3340, 3067, 2213, 1641 cm
-1
; 
1
H NMR (400 MHz, 
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CDCl3) δ 7.76 (dd, J = 6.5, 2.8 Hz, 2H), 7.54 (d, J = 7.3 Hz, 2H), 7.42 – 7.38 (m, 6H), 
7.34 (d, J = 7.3 Hz, 1H), 2.52 (s, 1H), 1.97 (s, 3H); 
13
C NMR (400 MHz, CDCl3) δ 
143.87, 141.56, 133.27, 130.51, 129.20, 128.95, 128.82, 128.30, 125.70, 119.19, 117.87, 
75.70, 28.68. HRMS(EI) calcd for C12H15NO+H
+
 250.1345, found 250.1338.  
General Sulfide-Copper-Exchange-Alkylation Procedure: A hexane solution of the 
BuLi (2.10 equiv, 2.5M) was added to a stirred, 0 °C, THF solution of the CuI (1.05 
equiv). After 5 min, this solution of Bu2CuLi was added to a THF solution of thionitrile, 
reaction was allow to stirr for 5 min before neat electrophile (1.0 equiv) was added to the 
reaction and then the reaction was allowed to warm to room temperature over 2 h.  
Saturated, aqueous NH4Cl was added, the crude reaction mixture was then extracted with 
EtOAc, dried (MgSO4), concentrated, and purified by radial chromatography to afford 
analytically pure material.  
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8.3 Sulfonyl-Metal Exchange 
 
1-(phenylsulfonyl)cyclohexanecarbonitrile (11a): K2CO3 (1.9 g, 2.5 equiv.) 
was added to a DMF solution of phenylsulfonylacetonitrile (10a, 1.0 g 5.525 
mmol) at rt. After 15 min neat 1,5-dibromopentane (1.27 mg, 1.0 equiv.) was added and 
reaction was heated to 60 
o
C. After 6 h, reaction was cooled to rt and saturated, aqueous 
NH4Cl was added, the organic layer was separated, and then the aqueous layer was 
extracted with EtOAc (3 x 15 mL). The combined organic extract was washed with brine, 
dried (Na2SO4), and concentrated to afford a crude product that was purified by column 
chromatography (1:10 hexanes: ethyl acetate) to afford 1.128 g (82%) of pure 11a as 
white crystalline solid. (m.p. 99-101 °C): IR (film) 3058, 2243, cm
-1
; 
1
H NMR (400 
MHz, CDCl3) δ 7.96 (d, J = 7.8 Hz, 2H), 7.73 (t, J = 7.4 Hz, 1H), 7.60 (t, J = 7.7 Hz, 
2H), 2.07 (d, J = 12.2 Hz, 2H), 1.96 – 1.84 (m, 4H), 1.73 (d, J = 12.0 Hz, 1H), 1.50 (q, J 
= 13.8 Hz, 2H), 1.28 – 1.14 (m, 1H). 13C NMR (101 MHz, CDCl3) δ 135.08, 133.62, 
130.67, 129.28, 116.82, 77.48, 77.16, 76.84, 64.32, 29.04, 24.17, 22.43. 
 
1-(pyridin-2-ylsulfonyl)cyclohexanecarbonitrile (11b): K2CO3 (1.9 g, 2.5 
equiv.) was added to a DMF solution of 2-pyridylsulfonylacetonitrile (10b, 
1.0 g 5.524 mmol) at rt. After 15 min neat 1,5-dibromopentane (1.27 mg, 1.0 equiv.) was 
added and reaction was heated to 60
o
C. After 6 h, reaction was cooled to rt and saturated, 
aqueous NH4Cl was added, the organic layer was separated, and then the aqueous layer 
was extracted with EtOAc (3 x 15 mL). The combined organic extract was washed with 
brine, dried (Na2SO4), and concentrated to afford a crude product that was purified by 
column chromatography (1:10 hexanes: ethyl acetate) to afford 1.16 g (86%) of pure 11b 
 163 
as white crystalline solid. (m.p. 99-101 °C): IR (film) 3058, 2243, cm
-11
H NMR (400 
MHz, CDCl3) δ 8.83 (d, J = 4.4 Hz, 1H), 8.22 (d, J = 7.9 Hz, 1H), 8.04 (td, J = 7.8, 1.4 
Hz, 1H), 7.65 (dd, J = 7.5, 4.8 Hz, 1H), 2.34 (d, J = 12.7 Hz, 2H), 2.10 – 1.89 (m, 4H), 
1.78 (d, J = 13.4 Hz, 1H), 1.66 – 1.49 (m, 2H), 1.35 – 1.18 (m, 1H). 13C NMR (101 MHz, 
CDCl3) δ 153.78, 150.62, 138.48, 128.56, 126.31, 116.64, 77.48, 77.16, 76.84, 64.49, 
29.33, 24.37, 22.57. 
 
1-(pyridin-2-ylsulfonyl)cyclopentanecarbonitrile (11c): K2CO3 (1.9 g, 2.5 
equiv.) was added to a DMF solution of 2-pyridylsulfonylacetonitrile (10b, 
1.0 g 5.524 mmol) at rt. After 15 min neat 1,4-diiodobutane (1.72 mg, 1.0 equiv.) was 
added and reaction was heated to 60
o
C. After 6 h, reaction was cooled to rt and saturated, 
aqueous NH4Cl was added, the organic layer was separated, and then the aqueous layer 
was extracted with EtOAc (3 x 15 mL). The combined organic extract was washed with 
brine, dried (Na2SO4), and concentrated to afford a crude product that was purified by 
column chromatography (1:10 hexanes: ethyl acetate) to afford 965 g (74%) of pure 11c 
as white crystalline solid. (m.p. 99-101 °C): IR (film) 3058, 2243, cm
-1 1
H NMR (400 
MHz, CDCl3) δ 8.78 (d, J = 4.3 Hz, 1H), 8.17 (d, J = 7.8 Hz, 1H), 8.02 (t, J = 7.4 Hz, 
1H), 7.63 (dd, J = 7.4, 4.8 Hz, 1H), 2.74 (dt, J = 13.7, 6.9 Hz, 2H), 2.30 (dt, J = 13.2, 5.7 
Hz, 2H), 1.89 (ddd, J = 23.5, 17.7, 11.7 Hz, 4H). 
13
C NMR (101 MHz, CDCl3) δ 154.61, 
150.55, 138.47, 128.51, 125.30, 118.61, 77.48, 77.16, 76.84, 65.45, 35.06, 25.61. 
 
1-(pyridin-2-ylsulfonyl)cycloheptanecarbonitrile (11d): K2CO3 (1.9 g, 2.5 
equiv.) was added to a DMF solution of 2-pyridylsulfonylacetonitrile (10b, 
1.0 g 5.524 mmol) at rt. After 15 min neat 1,6-dibromohexane (1.34 mg, 1.0 equiv.) was 
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added and reaction was heated to 60
o
C. After 6 h, reaction was cooled to rt and saturated, 
aqueous NH4Cl was added, the organic layer was separated, and then the aqueous layer 
was extracted with EtOAc (3 x 15 mL). The combined organic extract was washed with 
brine, dried (Na2SO4), and concentrated to afford a crude product that was purified by 
column chromatography (1:10 hexanes: ethyl acetate) to afford 1.458 g (88%) of pure 
11d as white crystalline solid. (m.p. 99-101 °C): IR (film) 3058, 2243, cm
-1. 1
H NMR 
(400 MHz, CDCl3) δ 8.84 (d, J = 4.2 Hz, 1H), 8.23 (d, J = 7.9 Hz, 1H), 8.09 – 7.99 (m, 
1H), 7.65 (dd, J = 7.3, 4.8 Hz, 1H), 2.45 – 2.30 (m, 4H), 1.97 – 1.88 (m, 2H), 1.72 – 1.58 
(m, 6H). 
13
C NMR (101 MHz, CDCl3) δ 153.96, 150.61, 138.48, 128.56, 126.64, 117.78, 
77.48, 77.16, 76.84, 66.80, 32.13, 27.63, 23.55. 
General Sulfonyl-Lithium-Exchange-Alkylation Procedure: A hexane solution of the 
BuLi (1.05 equiv, 2.5M) was added to a stirred, -78 °C, THF solution of the 
sulfonylnitrile. After 5 min neat electrophile (1.0 equiv) was added to the reaction and 
then the reaction was allowed to warm to room temperature over 2 h.  Saturated, aqueous 
NH4Cl was added, the crude reaction mixture was then extracted with EtOAc, dried 
(MgSO4), concentrated, and purified by radial chromatography to afford analytically pure 
material.  
General Sulfonyl-Magnesium-Exchange-Alkylation Procedure: A hexane solution of 
the BuLi (1.05 equiv, 2.5M) was added to a stirred, -78 °C, THF solution of the Bu2Mg 
(1.05 equiv, 1M). After 5 min, this solution of magnesiate complex was added to a THF 
solution of sulfonylnitrile, reaction was allow to stirr for 10 min before neat electrophile 
(1.0 equiv) was added to the reaction and then the reaction was allowed to warm to room 
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temperature over 2 h. Saturated, aqueous NH4Cl was added, the crude reaction mixture 
was then extracted with EtOAc, dried (MgSO4), concentrated, and purified by radial 
chromatography to afford analytically pure material.  
1-Benzylcyclohexanecarbonitrile (13a): The general sulfonyl-lithium 
exchange-alkylation procedure was employed with 11b (50 mg, 0.2 mmol)  and 
benzyl bromide (38 mg, 0.22 mmol) to afford, after purification by radial 
chromatography (1:10 EtOAc/hexanes), 41 mg (86%) of 13a as an oil:
212
 IR (film) 3058, 
2206 cm
-1
;  
1
H NMR (500 MHz, CDCl3) δ 7.35 – 7.24 (m, 5H), 2.81 (s, 1H), 1.90 (d, J = 
13.3 Hz, 2H), 1.78 – 1.68 (m, 4H), 1.62-1.56 (m, 3H), 1.30 (td, J = 13.3, 3.5 Hz, 2H), 
1.14-1.24(m, 1H); 
13
C NMR (100 MHz, CDCl3) δ 135.32, 130.44, 128.37, 127.30, 
123.35, 46.53, 40.27, 35.67, 25.38, 23.09; HRMS(EI) calcd for (M+H
+
), C14H18N
+
 
200.1439, found 200.1424.  
 
 1-Allylcyclohexanecarbonitrile (13b): The general sulfonyl-lithium 
exchange-alkylation procedure was employed with 11b (50 mg, 0.20 mmol)  
and allyl bromide (28 mg, 0.22 mmol) to afford, after purification by radial 
chromatography (1:10 EtOAc/hexanes), 29 mg (82%) of 13b as an oil:
216
 IR (film) 2224, 
1635 cm
-1
; 
1
H NMR (400 MHz, CDCl3) δ 5.89 (ddt, J = 17.4, 10.2, 7.4 Hz, 1H), 5.25 – 
5.12 (m, 2H), 2.28 (d, J = 7.4 Hz, 2H), 1.99 – 1.93 (m, 2H), 1.75 – 1.58 (m, 5H), 1.28 – 
1.22 (m, 3H);
 13
C NMR (100 MHz, CDCl3) δ 122.93, 43.69, 36.22, 33.23, 25.36, 23.26, 
17.87; HRMS(EI) calcd for (M+), C10H15N+ 149.1199, found 149.1182.  
1-Benzylcyclopentanecarbonitrile (13c): The general sulfonyl-magnesium 
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exchange-alkylation procedure was employed with 11c (50 mg, 0.212 mmol)  and benzyl 
bromide (44 mg, 0.23 mmol) to afford, after purification by radial chromatography (1:10 
EtOAc/hexanes), 38 mg (86%) of 13c as an oil:
245
 IR (film) 3066, 2232, 1603 cm
-1
; 
1
H 
NMR (400 MHz, CDCl3) δ 7.41 – 7.27 (m, 5H), 2.88 (s, 2H), 2.09 – 2.01 (m, 2H), 1.93 – 
1.67 (m, 6H); 
13
C NMR(100 MHz, CDCl3)  δ 23.78, 37.71, 43.49, 44.49, 124.95, 127.23, 
128.46, 129.84, 136.58; HRMS(EI) calcd for C13H15N+Na
+  
208.1102, found 208.1114. 
1-Benzylcyclopentanecarbonitrile (13d): The general sulfonyl-magnesium 
exchange-alkylation procedure was employed with 11d (50 mg, 0.19 mmol)  
and benzyl bromide (44 mg, 0.21 mmol) to afford, after purification by radial 
chromatography (1:10 EtOAc/hexanes), 38 mg (88%) of 13d as an oil:
246
 IR (film) 3066, 
2232, 1603 cm
-1
; 
1
H NMR (400 MHz, CDCl3) δ 7.41 – 7.27 (m, 5H), 2.88 (s, 2H), 2.09 – 
2.01 (m, 4H),  1.93 – 1.67 (m, 6H), 1.72 – 1.58 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 
135.32, 130.44, 128.37, 127.30, 123.35, 46.53, 40.27, 35.67, 25.38, 23.09. 
3-imino-3H-spiro[benzo[b]thiophene-2,1'-cyclohexane] 1,1-dioxide (23): 
A hexane solution of the BuLi (1.05 equiv, 2.5M) was added to a stirred, -78 
°C, THF solution of 100 mg sulfonylnitrile 11a. After 10 min, the reaction 
was quenched with saturated, aqueous NH4Cl, the crude reaction mixture was then 
extracted with EtOAc, dried (MgSO4), concentrated, and purified by radial 
chromatography (1:10 EtOAc/hexanes),  to afford analytically pure  88 mg (88%) of 23 
as an oil: IR (film) 3066, 2232, 1603 cm
-1
; 
1
H NMR (400 MHz, CDCl3) δ 10.05 (d, J = 
186.1 Hz, 1H), 7.88 (d, J = 7.3 Hz, 2H), 7.73 (p, J = 7.3 Hz, 3H), 2.26 (d, J = 12.4 Hz, 
2H), 1.94 – 1.78 (m, 7H), 1.44 – 1.37 (m, 1H). 13C NMR (101 MHz, CDCl3) δ 173.77, 
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140.10, 134.20, 133.91, 121.93, 77.48, 77.16, 76.84, 66.71, 31.08, 29.56, 24.60, 22.05, 
21.74. HRMS(EI) calcd for C13H15NO2S+H
+  
250.0896, found 250.0919. 
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8.4 Copper-Catalyzed Arylation & Alkenenitrile Alkylation 
General  Procedure for Copper-Catalyzed Arylation of Nitrile: Neat cyclohexane 
carbonitrile (109 mg, 1.0 mmol) was added to 10 ml THF solution of LDA (1.05 equiv.) 
at a -78 °C. After 45 min, the reaction was allowed to warm to room temperature for 15 
min. This solution of N-lithiated nitrile was added to a heterogenous 2 ml THF solution 
containing ligand (0.1 mmol), CuCN (0.1 mmol) and aryl iodide (1.0 mmol) at room 
temperature and allow to stir. After 12 h reaction was quenched with saturated, aqueous 
NH4Cl, the crude reaction mixture was then extracted with EtOAc, dried (MgSO4), 
concentrated, and purified by radial chromatography (1:10 EtOAc/hexanes),  to afford 
analytically pure  arylnitrile.  
 1-(4-(tert-butyl)phenyl)cyclohexanecarbonitrile (7a): The general 
Copper-catalyzed arylation of nitrile was performed with 
cyclohexanecarbonitrile (100 mg, 0.91 mmol)  and 4-tert-butyl iodobenzene (236 mg, 
0.91 mmol) to afford, after purification by radial chromatography (1:10 EtOAc/hexanes), 
53 mg (22%) of 7a as an oil: 
1
H NMR (400MHz, CDCl3): δ 7.41 (s, 4H), 2.14 (d, J = 
11.2 Hz, 2H), 1.92-1.68 (m, 7H), 1.39-1.20 (m + S, 1H + 9H). 
13C NMR (CDCl3): δ 
150.92, 138.65, 125.95, 125.43, 123.06, 43.96, 37.55, 34.66, 31.46, 25.23, 23.83.  
 
1-(4-methoxyphenyl)cyclohexanecarbonitrile (7b): The general 
Copper-catalyzed arylation of nitrile was performed with 
cyclohexanecarbonitrile (100 mg, 0.91 mmol) and 4-iodoanisole (214 mg, 0.91 mmol)  to 
afford, after purification by radial chromatography (1:10 EtOAc/hexanes), 33 mg (70%) 
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of 7b chromatography (1:10 EtOAc/hexanes), 150 mg (70%) of 7b as an oil: 
1
H NMR 
(400MHz, CDCl3): δ 7.39 (d, J = 8.8 Hz, 2H), 6.90 (d, J = 8.8 Hz, 2H), 3.80 (s, 3H), 2.13 
(d, J = 12.5 Hz, 2H), 1.92-1.65 (m, 7H), 1.34-1.17 (m, 1H). 
13C NMR (CDCl3): δ 159.14, 
133.73, 126.80, 123.18, 114.26, 55.44, 43.63, 37.63, 25.13, 23.77.  
 
4-(1-cyanocyclohexyl)benzonitrile (7c): The general Copper-catalyzed 
arylation of nitrile was performed with cyclohexanecarbonitrile (100 
mg, 0.91 mmol) and 4-iodobenzonitrile (210 mg, 0.91 mmol)  to afford, after purification 
by radial chromatography (1:10 EtOAc/hexanes), 189 mg (90%) of 7c as an oil: IR (film) 
3062, 2239 cm
-1
; 
1
H NMR (400 MHz, CDCl3) δ 7.70 (d, J = 8.1 Hz, 2H), 7.64 (d, J = 8.3 
Hz, 2H), 2.14 (d, J = 11.0 Hz, 2H), 1.92 – 1.71 (m, 7H), 1.36 – 1.26 (m, 1H). 13C NMR 
(101 MHz, CDCl3) δ 146.46, 132.71, 126.59, 121.60, 118.23, 111.88, 77.48, 77.16, 
76.84, 44.71, 37.03, 24.71, 23.39. 
 
 4-(2-cyanobutan-2-yl)benzonitrile (7d): The general Copper-catalyzed 
arylation of nitrile was performed with 2-methylbutyronitrile (100 mg, 1.2 
mmol) and 4-iodobenzonitrile (275 mg, 1.2 mmol)  to afford, after purification by radial 
chromatography (1:10 EtOAc/hexanes), 172 mg (94%) of 7d as an oil: IR (film) 3058, 
2239 cm
-1
; 
1
H NMR (400 MHz, CDCl3) δ 7.70 (d, J = 8.4 Hz, 1H), 7.56 (d, J = 8.4 Hz, 
1H), 1.97 (ddp, J = 21.3, 14.3, 7.4 Hz, 1H), 1.72 (s, 1H), 0.96 (t, J = 7.4 Hz, 1H). 
13
C 
NMR (101 MHz, CDCl3) δ 145.46, 132.84, 126.64, 122.33, 118.31, 112.06, 77.48, 77.16, 
76.84, 43.65, 35.19, 27.11, 9.92. 
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General Procedure for Copper-catalyzed alkenenitrile alkylation: A THF solution of 
the LDA (1.05 equiv) was added to a stirred -78 °C, THF solution of the CuCN (5%). 
After 5 min neat alkenenitrile (1.0 equiv) was added and after 15 min at -78
o
C neat 
electrophile (1.0 equiv) was added to the reaction, reaction was allowed to warm at room 
temperature and quenched with saturated, aqueous NH4Cl solution, the crude product was 
extracted with EtOAc, dried (MgSO4), concentrated, and purified by radial 
chromatography to afford analytically pure material.  
 
 1-benzylcyclohex-2-enecarbonitrile (14a): The general copper-catalyzed 
alkenenitrile alkylation procedure was employed with 13 (50 mg, 0.47 mmol) 
and benzyl bromide (82 mg, 0.48 mmol) to afford, after purification by radial 
chromatography (1:10 EtOAc/hexanes), 96 mg (98%) of 14a pale yellow oil: IR (film) 
3058, 2230 cm
-1
; 
1
H NMR (500 MHz, CDCl3) δ 7.40 – 7.27 (m, 5H), 5.94 (dt, J = 9.5, 
3.5 Hz, 1H), 5.59 (d, J = 9.8 Hz, 1H), 2.90 (dd, 2H), 2.16 – 1.96 (m, 3H), 1.89 – 1.77 (m, 
2H), 1.62 (ddd, J = 14.0, 10.0, 4.6 Hz, 1H). 13C NMR (126 MHz, CDCl3) δ 135.06, 
131.44, 130.36, 128.35, 127.32, 126.13, 122.90, 77.41, 77.16, 76.91, 45.40, 38.15, 32.79, 
24.54, 19.04.; HRMS(ESI) calcd for (M+H+), C14H16N+ 198.2823, found 198.2821. 
 
 1-allylcyclohex-2-enecarbonitrile (14b): The in situ exchange-alkylation 
procedure was employed with 6a (50 mg, 0.47 mmol)  and allyl bromide (58 
mg, 0.48 mmol) to afford, after purification by radial chromatography (1:10 
EtOAc/hexanes), 65 mg (88%) of 14b as an oil:
216
 IR (film) 3075, 2224, 1635 cm
-1
; 
1
H 
NMR (400 MHz, CDCl3) δ 5.88 (tdd, J = 17.3, 8.8, 5.6 Hz, 2H), 5.54 (d, J = 10.4 Hz, 
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1H), 5.25 – 5.14 (m, 2H), 2.42 – 2.27 (m, 2H), 2.13 – 1.92 (m, 3H), 1.86 – 1.74 (m, 2H), 
1.53 (ddd, J = 13.4, 10.3, 4.6 Hz, 1H); 
13
C NMR (101 MHz, CDCl3) δ 131.81, 131.58, 
125.97, 122.96, 120.09, 77.48, 77.16, 76.84, 43.85, 36.83, 32.62, 24.54, 19.18. 
HRMS(EI) calcd for (M+H
+
), C10H16N+ 148.1121, found 148.1127.  
 
1-(2-hydroxypropyl)cyclohex-2-enecarbonitrile (14c): The general 
exchange-alkylation procedure was employed with 6a (50 mg, 0.47 mmol) 
and propylene oxide (28 mg, 0.48 mmol) to afford, after purification by radial 
chromatography (1:10 EtOAc/hexanes), 75 mg (92%) of 14c as an oil:
247
 IR (film) 
2928， 2209 cm-1;  1H NMR (400 MHz, CDCl3) δ 5.85 (tq, J = 9.9, 3.7 Hz, 1H), 5.63 
(dd, J = 67.7, 9.8 Hz, 1H), 4.17 – 4.05 (m, 1H), 2.34 (s, 1H), 2.23 – 1.88 (m, 4H), 1.79 – 
1.58 (m, 5H), 1.25 – 1.18 (m, 3H); 13C NMR (101 MHz, CDCl3) δ 131.32, 130.64, 
126.87, 126.45, 123.64, 123.58, 77.48, 77.16, 76.84, 65.05, 65.00, 47.92, 35.74, 35.65, 
33.27, 33.20, 25.01, 24.94, 24.35, 19.17, 18.97.; HRMS(EI) calcd for (M+H
+
), 
C10H16NO+ 166.1226, found 167.1223.  
 
Methyl 1-cyanocyclohex-2-enecarboxylate (14d): The general exchange-
alkylation procedure was employed with 6a (50 mg, 0.47 mmol)  and methyl 
cyanoformate (48 mg, 0.48 mmol) to afford, after purification by radial 
chromatography (1:10 EtOAc/hexanes), 75 mg (91%) of 14d as an oil:
248
 IR (film) 2239, 
1736 cm
-1
; 
1
H NMR (500 MHz, CDCl3) δ 6.05 (dt, J = 9.8, 3.8 Hz, 1H), 5.69 (d, J = 9.8 
Hz, 1H), 3.80 (s, 3H), 2.23 – 2.06 (m, 4H), 1.88 – 1.76 (m, 2H); 13C NMR (126 MHz, 
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CDCl3) δ 168.68, 133.55, 121.05, 119.02, 77.42, 77.16, 76.91, 53.73, 43.33, 30.78, 23.91, 
18.55; HRMS(EI) calcd for (M+), C9H12NO2+ 166.1965, found 166.1963.  
 
1-pivaloylcyclohex-2-enecarbonitrile (14e): The in situ exchange-alkylation 
procedure was employed with 6a (50 mg, 0.47 mmol) and pivaloyl chloride 
(58 mg, 0.48 mmol) to afford, after purification by radial chromatography (1:10 
EtOAc/hexanes), 85 mg (90%) of 14e white solid (m.p. 58-59 °C):
216
 IR (film) 2229, 
1703 cm
-11
H NMR (400 MHz, CDCl3) δ 6.04 (dt, J = 9.7, 3.8 Hz, 1H), 5.64 – 5.55 (m, 
1H), 2.18 – 2.08 (m, 3H), 2.05 – 1.99 (m, 1H), 1.90 – 1.80 (m, 2H), 1.37 (s, 9H), 1.27 – 
1.18 (m, 2H); 
13
C NMR (101 MHz, CDCl3) δ 207.57, 132.67, 122.74, 121.10, 77.48, 
77.16, 76.84, 46.64, 46.45, 32.22, 27.04, 23.85, 18.54; HRMS(ESI) calcd for (M+H
+
), 
C12H17NO+H+ 192.1383, found 192.1399. 
 
1'-hydroxy-[1,1'-bi(cyclohexan)]-2-ene-1-carbonitrile (14f): The general 
exchange-alkylation procedure was employed with 6a (50 mg, 0.47 mmol) and 
cyclohexanone (47 mg, 0.48 mmol) to afford, after purification by radial chromatography 
(1:10 EtOAc/hexanes), 93 mg (91%) of 14f as colorless solid (m.p. 112-113°C): IR (film) 
3491, 2222 cm
-1
; 
1
H NMR (400 MHz, CDCl3) δ 6.05 (ddd, J = 10.0, 5.2, 2.2 Hz, 1H), 
5.77 (d, J = 10.1 Hz, 1H), 2.12 – 1.98 (m, 3H), 1.90 – 1.80 (m, 3H), 1.75 – 1.67 (m, 4H), 
1.60 (dt, J = 16.1, 4.9 Hz, 5H), 1.43 (dt, J = 11.8, 6.2 Hz, 2H), 1.18 – 1.09 (m, 1H); 13C 
NMR (101 MHz, CDCl3) δ 133.74, 122.98, 100.13, 77.48, 77.16, 76.84, 74.48, 48.23, 
32.65, 31.05, 28.03, 25.55, 24.64, 21.57, 21.55, 20.00; HRMS(ESI) calcd for (M+Na+), 
C13H21NONa+ 230.1515, found 230.1522. 
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 1,2,3,4-tetrahydro-[1,1'-biphenyl]-1,4'-dicarbonitrile (8f): The general 
exchange-alkylation procedure was employed with 6a (50 mg, 0.47 mmol) 
and 4-iodobenzonitrile (110 mg, 0.48 mmol) to afford, after purification by 
radial chromatography (1:10 EtOAc/hexanes), 98 mg (94%) of 8f as an oil:
249
 IR (film) 
2972， 2209 cm-1;  1H NMR (400 MHz, CDCl3) δ 7.69 (d, J = 8.4 Hz, 2H), 7.59 (d, J = 
8.4 Hz, 2H), 6.23 (dt, J = 9.8, 3.8 Hz, 1H), 5.71 (d, J = 9.9 Hz, 1H), 2.32 – 2.14 (m, 3H), 
1.98 – 1.89 (m, 1H), 1.84 – 1.75 (m, 2H); 13C NMR (101 MHz, CDCl3) δ 146.05, 133.80, 
132.80, 127.27, 124.52, 121.50, 118.36, 112.13, 77.48, 77.16, 76.84, 42.84, 37.93, 24.23, 
19.27; HRMS(EI) calcd for (M+H
+
), C14H13N2
+
 209.1073, found 209.1070. 
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8.5 Chemoselective alkylation 
General  Procedure for N-Metalated Nitrile: (A) LDA Deprotonation Method: A 
THF solution of cyclohexanecarbonitrile (200 mg, 1.835 mmol) was added to a -78 °C, 
THF solution of LDA (1.05 equiv.). After 45 min, the reaction was allowed to warm to 
room temperature for 15 min. This solution of N-lithiated nitrile was cooled back to          
-78
o
C and used for chemoselective alkylation.  
(B) Sulfinyl-lithium Exchange: A hexane solution of BuLi (1.05 equiv) was added to a 
stirred, -78 °C, THF solution of the sulfinylnitrile (1 equiv). This solution of N-lithiated 
nitrile was used for chemoselective alkylation.  
General  Procedure for C-Magnesiated Nitrile: (A) Transmetalation with MgBr2: A 
THF solution of cyclohexanecarbonitrile (200 mg, 1.835 mmol) was added to a -78 °C, 
THF solution of LDA (1.05 equiv.). After 45 min, the reaction was allowed to warm to 
room temperature for 15 min. This solution of N-lithiated nitrile was cooled back to          
-78
o
C and a freshly prepared THF solution of anhydrous MgBr2 (1.05 equiv) was added 
and reaction was stirred for 15 min. This solution of C-magnesiated nitrile was used for 
chemoselective alkylation.  
(B) Transmetalation with RMgX: A THF solution of cyclohexanecarbonitrile (200 mg, 
1.835 mmol) was added to a -78 °C, THF solution of LDA (1.05 equiv.). After 45 min, 
the reaction was allowed to warm to room temperature for 15 min. This solution of N-
lithiated nitrile was cooled back to -78
o
C and Grignard reagent (1.05 equiv) was added 
and reaction was stirred for 15 min. This solution of C-magnesiated nitrile was used for 
chemoselective alkylation.  
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(C) Sulfinyl-magnesium Exchange: A THF solution of the Grignard reagent (1.05 
equiv) was added to a stirred, -78 °C, THF solution of the sulfinylnitrile (1 equiv). This 
solution of C-magnesiated nitrile was used for chemoselective alkylation.  
General Chemoselective-Alkylation Procedure: A THF solution of N- or C-Metalated 
nitriles was prepared by above mentioned method and cooled to -78
o
C. After 15 min, a 
THF solution of both electrophiles (1.0 equiv each) was added to the reaction or in case 
of bis-electrophile, neat electrophile (1.0 equiv) was added to the reaction and then the 
reaction was allowed to warm to room temperature over 2 h.  Saturated, aqueous NH4Cl 
was added, the crude reaction mixture was then extracted with EtOAc, dried (MgSO4), 
concentrated, and purified by radial chromatography to afford analytically pure material.  
Methyl 1-cyanocyclohexanecarboxylate (11c): The general chemoselective-
alkylation procedure was employed with C-magnesiated nitrile (0.20 mmol)  
and 2 ml THF solution of methyl cyanoformate (19 mg, 0.22 mmol) & benzyl bromide 
(38 mg, 0.22 mmol) to afford, after purification by radial chromatography (1:10 
EtOAc/hexanes), 33 mg (91%) of 11c as an oil:
250
 IR (film) 2239, 1736 cm
-1
; 
1
H NMR 
(400 MHz, CDCl3) δ 3.81 (s, 3H), 2.11 (d, J = 13.2 Hz, 2H), 1.90 – 1.62 (m, 7H), 1.28 – 
1.22 (m, 1H); 
13
C NMR (100 MHz, CDCl3) δ 170.03, 119.30, 53.56, 45.44, 33.06, 24.72, 
22.33; HRMS(EI) calcd for (M+), C9H13NO2+ 167.0941, found 167.0938.  
 1-Benzylcyclohexanecarbonitrile (11d): The general chemoselective-
alkylation procedure was employed with N-lithiated nitrile (0.20 mmol)  and 2 
ml THF solution of methyl cyanoformate (19 mg, 0.22 mmol) & benzyl bromide (38 mg, 
0.22 mmol) to afford, after purification by radial chromatography (1:10 EtOAc/hexanes), 
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41 mg (96%) of 10d as an oil:
212
 IR (film) 3058, 2206 cm
-1
;  
1
H NMR (500 MHz, CDCl3) 
δ 7.35 – 7.24 (m, 5H), 2.81 (s, 1H), 1.90 (d, J = 13.3 Hz, 2H), 1.78 – 1.68 (m, 4H), 1.63-
1.56 (m, J = 13.3, 3.5 Hz, 3H), 1.30 (td, J = 13.3, 3.5 Hz, 2H), 1.14-1.24(m, 1H); 
13
C 
NMR (100 MHz, CDCl3) δ 135.32, 130.44, 128.37, 127.30, 123.35, 46.53, 40.27, 35.67, 
25.38, 23.09; HRMS(EI) calcd for (M+H
+
), C14H18N
+
 200.1439, found 200.1424.  
 
 1-(pentafluorobenzoyl)cyclohexanecarbonitrile (11e): The general 
chemoselective-alkylation procedure was employed with C-lithiated nitrile 
(0.20 mmol)  and 2 ml THF solution of methyl cyanoformate (19 mg, 0.22 mmol) & 
benzyl bromide (38 mg, 0.22 mmol) to afford, after purification by radial 
chromatography (1:10 EtOAc/hexanes), 41 mg (96%) of 11e as an oil: IR (film) 3058, 
2206 cm
-1
;  
1
H NMR (400 MHz, CDCl3) δ 2.41 (d, J = 11.9 Hz, 2H), 2.12 – 2.06 (m, 2H), 
1.89 – 1.82 (m, 4H), 1.01 – 0.91 (m, 2H);  
 
 1-Benzoylcyclohexanecarbonitrile (11f): The general chemoselective-
alkylation procedure was employed with C-lithiated nitrile (0.20 mmol)  and 
2 ml THF solution of Ethyl benzoate (33 mg, 0.22 mmol) & 2-chloro-2-fluoro-2-
phenylacetonitrile (38 mg, 0.22 mmol) to afford, after purification by radial 
chromatography (1:10 EtOAc/hexanes), 35 mg (82%) of 11f as an solid (mp 43-45 
o
C); 
IR 2225, 1690 cm-
1
; 
1
H NMR (400 MHz, CDCl3) δ 8.1-8.2 (m, 2H), 7.4-7.7 (m, 3H), 2.2-
2.4 (m, 2H), 1.7-2.0 (m, 7H), 1.1-1.5 (m, 1H); 
13
C NMR (100 MHz, CDCl3) δ 195.3, 
135.32, 130.44, 128.37, 127.30, 123.35, 40.27, 35.67, 25.38, 23.09.  
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1-Chlorocyclohexanecarbonitrile (11g): The general chemoselective-
alkylation procedure was employed with N-lithiated nitrile (0.20 mmol)  and 2 ml 
THF solution of ethyl benzoate (33 mg, 0.22 mmol) & 2-chloro-2-fluoro-2-
phenylacetonitrile (38 mg, 0.22 mmol) to afford, after purification by radial 
chromatography (1:10 EtOAc/hexanes), 41 mg (82%) of 11g as an oil spectrally identical 
to material previously isolated:
1
IR (film) 499, 815, 873, 1005, 1451, 2867, 2947 cm
-1
; 
1
H 
NMR(400MHz, CDCl3): δ 1.34-1.43  (m, 1H), 1.60-1.71 (m, 3H), 1.80-1.87 (m, 2H), 
1.96-2.02 (m, 2H), 2.30-2.34 (m, 2H);  
13C NMR: δ 23.26, 24.09, 40.26, 57.40, 119.55; 
HRMS(EI) calcd for (M+Na
+
), C7H10ClNNa
+ 
166.0394, found 166.0399. 
 2-((1-Cyanocyclohexyl)(phenyl)methyl)malononitrile (11h): The general 
chemoselective-alkylation procedure was employed with N-magnesiated nitrile 
(0.20 mmol) and 2 ml THF solution of methyl cyanoformate (19 mg, 0.22 
mmol) & benzylidenemalononitrile (35 mg, 0.22 mmol) to afford, after purification by 
radial chromatography (1:10 EtOAc/hexanes), 38 mg (72%) of 11h as an oil: IR (film) 
3078, 2209 cm
-1
;  
1
H NMR (400 MHz, CDCl3) δ 7.47 (dq, J = 6.9, 3.5 Hz, 5H), 4.45 (d, J 
= 6.8 Hz, 1H), 3.16 (d, J = 6.8 Hz, 1H), 2.45 – 2.34 (m, 1H), 1.94 – 1.82 (m, 1H), 1.82 – 
1.67 (m, 4H), 1.60 – 1.46 (m, 2H), 1.28 – 1.14 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 
133.44, 130.02, 129.61, 129.06, 120.50, 112.24, 111.33, 53.99, 42.74, 35.83, 34.99, 
26.00, 24.64, 22.96, 22.80; HRMS(EI) calcd for (M
+
), C17H17N3
+
 263.1422, found 
263.1429.  
 1-Cinnamylcyclohexanecarbonitrile (11k): The general chemoselective-
alkylation procedure was employed with N-magnesiated nitrile (0.20 mmol) 
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and 2 ml THF solution of methyl 4-iodobenzoate (58 mg, 0.22 mmol) & cinnamyl 
bromide (44 mg, 0.22 mmol) to afford, after purification by radial chromatography (1:10 
EtOAc/hexanes), 52 mg (91%) of 11k a white solid (m.p. 62-63 °C):
216
 IR (film) 3055, 
2226, 1597 cm
-1
; 
1
H NMR (500 MHz, CDCl3) δ 7.42 – 7.34 (m, 2H), 7.33 – 7.28 (m, 
2H), 7.25 – 7.21 (m, 1H), 6.50 (d, J = 15.6 Hz, 1H), 6.28 (dt, J = 15.6, 7.5 Hz, 1H), 2.44 
(dd, J = 7.5, 1.3 Hz, 2H), 2.09 – 1.93 (m, 2H), 1.84 – 1.56 (m, 5H), 1.29 (td, J = 13.2, 3.6 
Hz, 2H), 1.14-1.24 (m, 1H); 
13
C NMR (125 MHz, CDCl3) δ 136.96, 128.70, 127.73, 
126.46, 123.55, 43.98, 39.45, 35.64, 25.47, 23.17; HRMS(EI) calcd for HRMS(EI) calcd 
for (M+), C16H19N+ 225.1512, found 225.1494. 
 
 1-Allylcyclohexanecarbonitrile (11m): The general chemoselective-
alkylation procedure was employed with N-magnesiated nitrile (0.20 mmol) 
and 2 ml THF solution of propylene oxide (13 mg, 0.22 mmol) and allyl bromide (28 mg, 
0.22 mmol) to afford, after purification by radial chromatography (1:10 EtOAc/hexanes), 
29 mg (92%) of 11m as an oil:
216
 IR (film) 2224, 1635 cm
-1
; 
1
H NMR (400 MHz, CDCl3) 
δ 5.89 (ddt, J = 17.4, 10.2, 7.4 Hz, 1H), 5.25 – 5.12 (m, 2H), 2.28 (d, J = 7.4 Hz, 2H), 
1.99 – 1.93 (m, 2H), 1.75 – 1.58 (m, 5H), 1.28 – 1.22 (m, 3H); 13C NMR (100 MHz, 
CDCl3) δ 122.93, 43.69, 36.22, 33.23, 25.36, 23.26, 17.87; HRMS(EI) calcd for (M+), 
C10H15N+ 149.1199, found 149.1182.  
 
 1-Propylcyclohexanecarbonitrile (11o): The general chemoselective-
alkylation procedure was employed with N-lithiated nitrile (0.20 mmol)  and 
2 ml THF solution of propylene oxide (13 mg, 0.22 mmol) & propyl bromide (27 mg, 
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0.22 mmol) to afford, after purification by radial chromatography (1:10 EtOAc/hexanes), 
28 mg (87%) of 11o as an oil:
251
 IR (film) 2229, cm
-1
; 
1
H NMR (400 MHz, CDCl3) δ 
1.97 (d, J = 12.7 Hz, 2H), 1.79 – 1.45 (m, 8H), 1.25-1.17 (m, 4H), 0.96 (t, J = 6.6 Hz, 
3H); 
13
C NMR(100 MHz, CDCl3): δ 124.04, 42.95, 39.17, 35.87, 25.64, 23.23, 17.87, 
14.36; HRMS(EI) calcd for (M+Na+), C10H17NNa+ 174.1253, found 174.1254.  
 1-(2-Hydroxypropyl)cyclohexanecarbonitrile (11n): The general 
chemoselective-alkylation procedure was employed with C-magnesiated 
nitrile (0.20 mmol)  and 2 ml THF solution of propylene oxide (13 mg, 0.22 mmol) & 
propyl bromide (27 mg, 0.22 mmol) to afford, after purification by radial 
chromatography (1:10 EtOAc/hexanes), 31 mg (91%) of 11n as an oil:
252
  IR (film) 3304, 
2209 cm
-1
;  
1
H NMR (400 MHz, CDCl3) δ 4.16 (dqd, J = 9.1, 6.2, 2.6 Hz, 1H), 2.13 (ddd, 
J = 13.5, 4.4, 2.6 Hz, 1H), 1.99 (ddt, J = 13.5, 5.3, 3.0 Hz, 1H), 1.88 – 1.50 (m, 9H), 1.40 
– 1.27 (m, 2H), 1.25 (d, J = 6.2 Hz, 3H), 1.12-1.17 (m, 1H); 13C NMR (100 MHz, 
CDCl3) δ 124.14, 65.10, 49.15, 37.59, 36.50, 36.11, 25.37, 25.24, 23.10, 22.96; 
HRMS(EI) calcd for (M+), C10H17NO+ 167.1310, found 167.1318. 
 
 3'-oxo-[1,1'-bi(cyclohexane)]-1-carbonitrile (11q): The general 
chemoselective-alkylation procedure was employed with N-magnesiated 
nitrile (0.20 mmol) and 2-cyclohexenone (22 mg, 0.22 mmol) to afford, 
after purification by radial chromatography (1:10 EtOAc/hexanes), 33 mg (82%) of 11q 
pale yellow oil: IR (film) 3463, 3029, 2231 cm
-11
H NMR (500 MHz, CDCl3) δ 2.64-2.56 
(m, 1H), 2.45 – 2.38 (m, 1H), 2.35 – 2.25 (m, 2H), 2.19 – 2.08 (m, 3H), 2.00 (d, J = 14.3 
Hz, 1H), 1.80 – 1.74 (m, 4H), 1.66 – 1.59 (m, 4H), 1.23 – 1.17 (m, 3H), 0.90 – 0.83 (m, 
 180 
1H).; 
13
C NMR (101 MHz, CDCl3) δ 210.27, 122.15, 46.69, 43.28, 41.23, 33.89, 33.19, 
29.86, 26.35, 25.36, 24.80, 23.32, 23.17.HRMS(ESI) calcd for (M+K
+
), C13H19NO+K
+
 
244.1098, found 244.1071.  
 
 1'-Hydroxy-[1,1'-bi(cyclohexan)]-2'-ene-1-carbonitrile (11p): The 
general chemoselective-alkylation procedure was employed with C-
magnesiated nitrile (0.20 mmol) and 2-cyclohexenone (22 mg, 0.22 mmol) 
to afford, after purification by radial chromatography (1:10 EtOAc/hexanes), 38 mg (86 
%) of 11p pale yellow oil: IR (film) 3463, 3029, 2231 cm
-1
; 
1
H NMR (500 MHz, CDCl3) 
δ 6.08 – 6.00 (m, 1H), 5.85 (d, J = 9.8 Hz, 1H), 2.07 (td, J = 10.2, 7.7, 3.7 Hz, 2H), 1.87 
– 1.60 (m, 12H), 1.47 – 1.33 (m, 2H); 13C NMR (125 MHz, CDCl3) δ 134.37, 127.86, 
122.74, 71.86, 49.62, 30.80, 29.87, 29.07, 25.51, 25.26, 23.40, 23.30, 18.59. HRMS(ESI) 
calcd for (M+K
+
), C13H19NO+K
+
 244.1098, found 244.1074.  
 
 1-(3-(oxiran-2-yl)propyl)cyclohexanecarbonitrile (11s): The general 
chemoselective-alkylation procedure was employed with N-magnesiated 
nitrile (0.20 mmol) and 2-(3-bromopropyl)oxirane (36 mg, 0.22 mmol) to afford, after 
purification by radial chromatography (1:10 EtOAc/hexanes), 36 mg (92 %) of 11s pale 
yellow oil: IR (film) 3463, 3029, 2231 cm
-1
; 
1
H NMR (500 MHz, CDCl3) δ 2.93 (dt, J = 
6.1, 3.2 Hz, 1H), 2.76 (t, J = 4.4 Hz, 1H), 2.48 (dd, J = 4.8, 2.7 Hz, 1H), 2.03 – 1.95 (m, 
2H), 1.76 – 1.56 (m, 12H), 1.28 – 1.19 (m, 2H); 13C NMR (125 MHz, CDCl3) δ 124.96, 
51.59, 46.71, 41.39, 38.66, 36.76, 30.29, 25.46, 22.32, 21.40. HRMS(ESI) calcd for 
(M+H
+
), C13H19NO+H
+
 194.1539, found 194.1545.  
 181 
 1-(2-Phenyloxiran-2-yl)cyclohexanecarbonitrile (11x): The general 
chemoselective-alkylation procedure was employed with N-magnesiated nitrile 
(0.20 mmol) and 2-bromoacetophenone (44 mg, 0.22 mmol) to afford, after purification 
by radial chromatography (1:10 EtOAc/hexanes), 40 mg (89 %) of 11x as an oil: IR 
(film) 3060, 2234 cm
-1
;  
1
H NMR (400 MHz, CDCl3) δ 7.43 (dd, J = 6.8, 2.9 Hz, 2H), 
7.34-7.36 (m, 3H), 3.37 (d, J = 4.7 Hz, 1H), 2.79 (d, J = 4.7 Hz, 1H), 2.04 – 1.86 (m, 
2H), 1.82 – 1.50 (m, 5H), 1.47 – 1.31 (m, 2H), 1.01-1.10 (m, 1H); 13C NMR (100 MHz, 
CDCl3) δ 135.94, 128.70, 128.56, 128.00, 121.00, 62.98, 51.16, 44.32, 32.15, 30.79, 
24.83, 22.86, 22.65. HRMS(ESI) calcd for (M+Na
+
), C15H17NO+Na
+
 250.1202, found 
250.1186.  
 
 1-(5-chloropentanoyl)cyclohexanecarbonitrile (11y): The general 
chemoselective-alkylation procedure was employed with N-
magnesiated nitrile (0.20 mmol) and methyl 5-chlorovalerate (40 mg, 0.22 mmol) to 
afford, after purification by radial chromatography (1:10 EtOAc/hexanes), 38 mg (88 %) 
of 11y pale yellow oil: IR (film) 3058, 2230, 1716 cm
-1
; 
1
H NMR (400 MHz, 
Chloroform-d) 
1
H NMR (400 MHz, CDCl3) δ 3.55 (t, 2H), 2.84 (t, 2H), 1.98 (d, J = 9.7 
Hz, 2H), 1.81 – 1.76 (m, 9H), 1.68 – 1.62 (m, 3H).; 13C NMR (400 MHz, CDCl3) δ 
203.99, 120.63, 77.48, 77.16, 76.84, 51.34, 44.60, 38.35, 32.25, 31.75, 24.80, 22.47, 
20.99. 
Methyl 2-cyano-2-methylbutanoate (11z): The THF solution of C-
magnesiated nitrile 15a (0.20 mmol) was mixed with THF solution of N-
lithiated nitrile 15b at -78 
o
C and 2 ml THF solution of methyl cyanoformate (38 mg, 
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0..41 mmol) & benzyl bromide (76 mg, 0.41 mmol) to afford, after purification by radial 
chromatography (1:10 EtOAc/hexanes), 25 mg (90%) of 11z as an oil: IR (film) 2239, 
1736 cm
-1
; 
1
H NMR (400 MHz, CDCl3) δ 3.70 (s, 2H), 2.16 – 1.99 (m, 1H), 1.87 (dq, J = 
14.7, 7.4 Hz, 1H), 1.78 – 1.62 (m, 2H), 1.52 (s, 3H), 0.94 (t, J = 7.5 Hz, 3H). 13C NMR 
(101 MHz, CDCl3) δ 169.57, 119.47, 77.48, 77.16, 76.84, 53.12, 44.41, 31.39, 22.66, 
9.42. 
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